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APPENDIX D

FIELD BOREHOLE LOGS AND
HISTORY OF HOLE
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i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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HISTORY OF HOLE

TW9

D. Banton DATE: 08/17/84
Set up on hole.

Start drilling with hammer 8" diameter.

Change from hammer to tricone. Bedrock at 12'6" set 13'14",
8" casing to ground level. Water at 24' cinder zone, water
level 11'11" below ground - bubbling.

Driller and helper take lunch. Hole depth = 42' at lunch -
water heard running into hole, probably from cinder zone.

Water level 13'1" below ground at 12:40 p.m.

Drilling to 47' - hook up compressor to lift cave out of
hole. 1:20 - 1:45 wait for loader to dig soak pit.

Pull rods due to cave.

Pull 8" caéing to allow hole to be reamed at 10" diameter.
Run 10" diameter bit into hole and ream.

Wait for trash pump to pump out soak pit.

Restart reaming.
Run 18'10" casing into hole to stabilize overburden.
Restart 10" reaming. Reamed to 27' by 5:00 p.m.

Response to drilling TW9 seen in TW7.
Later, when TW8 hooked up, immediate response to airlifting

ng.
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GEOLOGIST:

10:00

1:00 - 1:35

1:35
3:10

4:50 °

4:50 - 7:20

7:30

4:50 -
5:30

6:50

COMMENTS:

Page 2 of 6
HISTORY OF HOLE
TW9
D. Banton / M. Shaleen DATE: 08/20/84

Hole caved about 2' overnight, run 8" casing to 29'4". Re-
start drilling - caving problems, push casing to 31', add
more casing and push to 31 ft. Drill appears to have devi-
ated from original hole. Restart drilling - less cinders
(probably sealed off cinder zone).

Lunch.

Change from tricone to downhole hammer. Hook up extra com-
pressor to aid airlift. Very slow drilling to 44°.

Filter on compressor needs replacing. Down 3:10 - 4:25 p.m.
Add foam to try to 1lift cuttings.

Pull hammer and change to tricone ~ hammer very slow.

Drilling with tricone 43 to 67'.

DATE: 08/21/84

Drilling from 67' using extra compressor. Pass through
basalt and occasional cinder zones. Drilled to 146' by 1:45
p-m. Driller notes bit locking. Pull rods -~ tricone roller
is worn. Replace bit and rerun rods ~ drilling much smooth-
er.

Some foam added at 167' then off at 169'.

Fuel leak in compressor, driller leave to find fitting.
Restart drilling at 169°'.

Finish at 186°'.

Reference solution for conductivity meter arrived. Hatch
instrument way off.

Change to YSI meter from Hatch conductivity meter at 135
and took both meter measurements for comparison ~ very few

cinder zones below 119'. Good progress, very little change
in water quality.
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GEOLOGIST:

7:15

3:00 - 7:00

Page 3 of 6
HISTORY OF HOLE
TW9
D. Banton / M. Shaleen DATE: 08/22/84

Drill from 186' through generally fresh, non-vuggy basalt.
Few weathered basalt zones/vuggy between 200 to 210' and 240
to 250'. Drilling stopped at 1:25 at 250' (although subse-—
quent geophysical logging showed hole to be 253' deep). Rods
pulled out by 3:00 p.m.

Run geophysical logs with assistance from Roscoe Bolton
(Monsanto). Gamma log okay. Resistivity and S.P. - had to
check manual since Monsanto personnel were not familiar with
these logs.
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GEOLOGIST:

9:15

Page 4 of 6
HISTORY OF HOLE
TW9
D. Banton / M. Shaleen - DATE: 08/23/84

Start well completion:

Run 1 x 10' 20 slot screen (Lengths are slightly less )

12 x 20' blank PVC (than given values due to loss)
1 x 10' blank PVC (of a few inches/thread )
Centralizers every 40' threads wrapped with teflon.

Base of well sounded to 251' (2' gravel below screen).

Backfill around screen w/gravel to 236.3'. 6 x 5 gallon
palls of gravel added.

Added bentonite pellets to 233.5' below ground. 200 1b ben-
tonite for approximate 3' seal.

Added further 50 1bs but no change in sounded depth. Presume
bentonite hung up in hole. Could not dislodge with tremie
pipe. Tremie pipe 231' long.

Wait 1 hour for cement truck
Cement is 75 bags x 6 gals water for 450 U.S.gal
Added 1-1/2 bags Flocele and 50 1bs powdered bentonite.
Mixed another 10 mins. before pumping into hole. After
pumping for approximately 2 to 3 mins., pump stops, in-
crease air pressure to pump and pump explodes.

Pump dismantled — well rounded 1/2 to 3/4"¢ gravel found in

pump — appears to have come from cement truck and blocked-

pump. Rest of cement pumped at surface and tremie pipe pull-
ed from 230' to 80' below table.

Water level in TW9 at 6:30 pem. -~ 2.12 m
Well sounded to 253' below top of PVC pipe.
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HISTORY OF HOLE

TW9

GEOLOGIST: D. Banton / M. Shaleen DATE: 08/24/84

11:15 - 12:30 Drillers reconnect damaged mud pump. Tremie pipe blocked at
70' - pull out pipe - cement inside - clean out. Lunch 1:00
to 2:00 p.m. Run tremie pipe - pipe will not advance beyond
63'. Run sounder to 141" below ground — feels soft. Probe
in bentonite that did not fall to base of hole.

3:30 Drillers order cement. 50 bags x 6 gals water.

5:15 Cement arrives ~ add bentonite 1/2 bag and Flocene 1/2 bag.
Pump grout - hole does not fill. Mix and add 40 bags cement
and 1/2 bag bentonite — no Flocele. Pump grout. Cement
sounded to 41' below casing.-

7:30 Pull tremie pipe. Depth to water in well at start of shift
- 2.07 m (6.79'). Base of well sounded to 251' below ground
level.

DATE: 08/28/84
Added cement grout to well annulus - 5-1/2 gals water per

bag of cement. Filled to 17.9' between 4" and 8" casing,
and to 16.7' outside casing.

DATE: 08/31/84
Added 3/4 yard 3:1 sand/cement mixture to well annulus -

filled to approximately 5' inside 8" casing and 11' outside
casing.

DATE: 10/22/84

Cemented outside 8" casing with 200 gals water and 36 bags
cement.
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WELL DEVELOPMENT - TW9

A submersible pump was placed in TW9 on September 24th, 1984. The pump
was set to a depth of approximately 40 ft below T.0.C. The pump was switch-
ed on at 13:45 and pumped for approximately 1-1/2 mins before the water
level reached the intake. Measurements taken during recovery are shown on
attached sheet. The well was allowed to partially recover before being
pumped again. In-all, the well was pumped four times and then allowed to
recover. A sample was taken by Monsanto from the discharge of the fourth
pumping cycle. Chemical parameters measured at each pumping cycle are given

below:

Cycle Number

1 2 3 _4
T °C 12 10 9 8.5
C («mhos/cm) 1240 1300 1300 1300
pH 6.26 6.24 6.26 6.21*
Eh (mV) +171 +52 +30 +30

*Monsanto pH analysis = 5.7

Following the test, the Golder pH meter was rechecked for calibration

and was seen to read 7.28 in pH 7 Buffer.
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TW 10

1) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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HISTORY OF HOLE

TW10
GEOLOGIST: D. Banton / M. Shaleen DATE: 08/27/84
9:00 - 9:30 Move and set up.
9:30 .Start drilling 10"@¢ open hole - set 10" casing to 11' below

ground (bedrock). Caving fractured basalt (weathered zone)
at 19'. Run 8" casing and redrill zone to 25'. Drilled open
hole 25 to 27' - less fractured rock.

3:00 - 3:30 Runn gamma Log.

3:30 Start well completion - 5' screen set 24.9 to 19.9' below
ground - gravel pack to 18.9' below ground. Added 4' ben-
tonite and pulled casing — screen pulled out with casing due
to bentonite plugging annulus.

5:45 - 6:30 Redrill hole and run 8" casing to 25'. Added gravel to 24.1°'
and set screen and riser.

DATE: 08/28/84
7:15 - 8:45 Add gravel around screen — much more gravel added than first

attempt, probably due to washout during redrilling. Gravel
to 18'. Casing pulled - cave 18 to 13', bentonite 13 to 11°'.

DATE: 08/31/84

Backfilled 11 - 2' with cement grout (thick). Sand and
cement approximately 3:1 mixture.
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WELL DEVELOPMENT - TW10

TW10 was developed on September 20th, 1984, using a submersible pump
set to a depth of 24 ft in the well. The well was pumped at a rate of 15
gpm for a period of 45 minutes. Chemical parameters of the discharge water
are tabulated below. Water level measurements were taken on TW/ during

well development.

Elapsed

Time T C pH Eh

(mins) °C {mhos/cm) (mV)
4 13 1100 6.46 +197
17 13.5 1050 6.58 +162
37 ‘ 14 1050 6.6 +170

The water level in TW7 drew down approximately 0.03 ft during the test.
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1) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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842-1543

GEOLOGIST:

3:30 p.m.

4:00

4:35

Page 1 of 6
HISTORY OF HOLE
1L
D. Banton / M. Shaleen DATE: 08/28/84

Start drilling TW1ll - drilled 8"¢ to 20 by 4 p.m. Bedrock at

15'.
Run 8" casing to 9' - can't push any further.

Drilling from 20 to 23°'.

DATE: 08/29/84

Drilling from 23' using downhole hammer. Cuttings not re-—

turned at 38'. No water. Drilling very slow
maybe hammer is not working properly. Faster
54' through weathered cinders. Little return
between 56' and .64’ - very slow drilling. 74°
and change to smaller choke to try to increase

43 to 54' -
drilling at
of cuttings
pull hammer
penetration

rate — no success. 7/8' change to tricone bit - hole makes
water and cuttings. Drilling much faster with tricome ~

drilled to 87' by end of day.



842-1543
GEOLOGIST:
7:45 - 8:30
9:15 - 9:45
9:45

10: 30

1:00 - 4:00
4:00

6:00

6:00 - 7:00
7:00 = 9:45

Page 2 of 6

HISTORY OF HOLE

TWll

D. Banton / M. Shaleen DATE: 08/30/84

Try to fix hammer - could not see anything wrong. Hole
sounded — blocked at 22' - probably caving from weathered

basalt.

Pull 8" casing and ream to 30'.

Run 29-1/2' 8" casing - can't push further than 26' below
ground.

Run rods and start drilling. Water sample from 87' given to

Monsanto for analysis. Enter caving cinder zone/weathered
vesicular basalt at 89', drilled to 94' but still no sound

rock. Circulation problems.
Decide to log hole - 12:00 - 2:00 Lunch 12:00 - 1:00.
Standby.

Drilling through cinders to try to grout off zone.

Drilled to 102' - cinders to approximately 101', but still.

falling into hole.
Repairing mud pump - unloading.

Run tremie pipe to 84'. Add 125 gals water to grout tank.

“Add 24 bags cement/40 1bs CaClz. Grout pumped into hole and

left overnight.
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842-1543

GEOLOGIST:

8:00

8:30

9:00 - 11:30

11: 30

1:30

5:00

6:45

Page 3 of 6
HISTORY OF HOLE
THLL
D. Banton / M. Shaleen DATE: 08/31/84

Sound well - to 99' below ground — feels slightly soft at
bottom, but apparently no grout in cinder zone. Water level

64' below ground.

Run rods and drill from 99' - very little return, no cement
seen.

Standby.

Order thick cement slurry from Parsons - 2-1/2 yds. With 7
bags cement per 40 gals — 2700 1lbs sand/yd; 20 lbs CaClj; 25
1bs Flocele; total. (Estimate 30"¢ hole 12' deep = 2.3 yds).

Cement arrives — poured into hole slowly ~ sounded during
addition - cinder zone is being filled up. Following all

cement, hole sounded to 63' (some 25' above top of cinder
zone). This 25' section would hold approximately 1/2 yd.
Therefore, about 2 yds went into cinder zone.

Cement left to set over weekend.

DATE: 09/04/84

Moved back onto hole. Ran rods to 63', drilling with hammer.
Drilled to 88' - very little return — just a few flakes of
Flocele, but drilled hard. 88' rods fell under own weight
to 102' - no return. Added foam — return of foam and fine to
medium sand and water. Appears that cement did not set -
probably was washed away in cinder zone leaving sand - zone
was not sealed.

Pull rods.



842-1543

GEOLOGIST:

3:00

3:45

5:30 - 7:30

Page 4 of 6
HISTORY OF HOLE
TW11l
D. Banton / M.  Shaleen DATE: 09/06/84

Pull 8" casing from hole.

Drilling 12”"¢ open hole O to 27' - driller notes that hole
is starting to cave at this depth. Set 27'2" 10"¢ casing.

Reamed hole at 10"¢ to 100°'.

DATE: 09/07/84

Hole sounded = 100.8' below ground. Run 8" casing to 27' -
casing will not move freely below 27' probably due to tight
fit between 9-1/8"¢ hole (nominal 10") and outside of 8"
drive show (9-1/2"). Casing hammer set up and casing tapped
to 100', then driven to seat in solid rock. Drilled out ma-
terial in 8" pipe.

DATE: 09/10/84

Drilling from 102' using extra compressor and downhole ham-
mer. Slow progress 110 to 118' - pull hammer and use tricone
- drilling speed increased. Encountered caving gravel zone
at 132' - drilled through to 142', but hole would not stay
open beyond 137 ft. Logged gamma and resistivity.
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842-1543

GEOLOGIST:

Page 5 of 6
HISTORY OF HOLE
THlL
D. Banton / M. Shaleen DATE: 09/11/84

Ran cutter to approximately 95'. Turned on air and left to
rotate for 3/4 hr. Pull rods, examined cutter - appeared to
have cut through casing. Set 4" screen and riser - 1x5'
length 20 slot PVC + 7x20' length blank PVC + teflon tape.
cap on bottom of screen. Set base of screen at 136.7'. Back-
filled with 37 - 5 gal pails of pea gravel to 127.6'. Added
3x20 1b bentonite pellet pails to 123'. Try to pull 8" cas-
ing using hammer and top head. Hammered on casing for about
2 hrs = no movement.

DATE: 09/12/84

Mixed up one load of grout - 125 gals water; 23 bags cement;
25 1lbs bentonite; 5 1lbs Flocele. Pumped via tremie pipe to
84' below ground.

DATE: 09/13/84

Sounded inside 8" pipe to 29.05 m (93.3') below ground level
- slurry has probably been lost via cut in 8" pipe at this

depth. Added about 5' sand to annulus to 90.55'.

DATE: 09/17/84

Ran 1" pipe to 100' in well developed with air for 1 hr : 20
mins - water initially dirty - fine sand but soon cleared
up. Chemical parameters given on attached sheet. 1" pipe
then ran to bottom of well - very dirty water, probably due
to air entering screen and disturbing fine sand layer. 17
pipe pulled back to 120' and well developed for 20 mins -
water clears up.



842-1543

WELL DEVELOPMENT - TWll

Page 6 of 6

TW1l was developed on September 17th, 1984. The well was airlifted for

80 mins with 1 in. pipe set at 100 ft. Below is a summary of chemical qual-

ity measured during development.

Elapsed
Time

(mins)

5
20
40
50
70

T °C . C pH
(4mhos /cm)

10 ’ 1100 7.67

10 1050 7.76

10.5 1050 7.84

10 1050 8.05

11 1100 7.96

*Sample for Monsanto

Airlifting blew 10 to 15 USgpm from the well.

Eh

(mV)

+165
+146
+139
+147
+141%

With 1 in. pipe set at 125 ft, approximately 20 to 30 USgpm were air-

lifted. No drawdown was measured in TW12.
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TW 12

1) Schematic Test Well Completion
ii) Field Borehole Log

1ii) History of Hole and Well Development
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842-1543 Page 3 of 3

WELL DEVELOPMENT - TW12

TW12 was developed on September 17th, 1984. One inch pipe was set at
80 ft and the well airlifted at approximately 10 to 15 USgpm. Below is a

summary of chemical parameters measured during development.

Elapsed

Time T °C C pH Eh

(mins) («4mhos/cm) (V)
5 9 1450 8.16 +167
15 9 1450 7.72 +152
30 9 1450 7.82 +143
45 9 1425 7.71 +133
60 9.5 1450 7.73  +141

Monsanto took a raw water.sample following 30 minutes of development.
The water was clear during nearly all of the development. The water level

in TWll did not change during well development.
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842-1543
GEOLOGIST:
2:00

4:00
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4:20

Page 1 of 3
HISTORY OF HOLE
TW12
D. Banton / M. Shaleen DATE: 08/31/84

Start drilling 10"¢ open hole - drilled to 30' by 3:00 hrs.
Run 28' 8" casing.

Run 8" bit drilled to 67' by 5:45. Hole dry.

DATE: 09/04/84

Start drilling ~ making water at 68'. Drilled to 102' by
11:40 - encountered caving cinder/rust weathered basalt 89'
to 102'.

Run geophysical gamma log — hole blocked at 54°'.
Redrill out hole to remove blockage.
Run gamma log to 88' - blocked beyond - cinder zone caved.

Run rods - redrill hole to 102' - no return of cuttings -
maybe washing into caving zone above 88' thinks driller.
Appears material is falling back on top of the bit - pull
rods.

Hole sounded — blocked at 45'. Run rods to 65' to try to
remove blockage. Blockage appears thin - further cave noted

at 65 to 70°'.

Sounded hole - blocked at 44'. Redrilled to 70' - sounded -~
blocked at 44'. Appears wet, maybe shallow seepage.



842-1543

GEOLOGIST:

3:45 - 4:45

9:50 - 11:30

11:30 - 4:30

4:30 - 5:30

Page 2 of 3
HISTORY OF HOLE
TW12
D. Banton / M. Shaleen DATE: 09/12/84
Moved back onto hole and pulled 8" casing.
Drilled 12" to approximately 16' - hole caving and drill

stem being deflected by rocks falling in hole. 10" casing
set to 16'.

DATE: 09/13/84

Drilling 10"@ to approximately 24' - 10" casing not seated
well and pulled out. Drilled 12"@ to 27' and set 10" pipe
to 27'. Drilled 10"¢ 27' to 60' - hole caving and material
falling in behind the bit. No return. Add foam - no return.
Weld drive shoe to 8" casing -~ run 8" casing to 55'.

DATE: 09/14/84

Drove 8" casing to 61' — drilled out cave in 8" casing 55 to
60'. Continued drilling at 8"¢ to 100' - no cave.

Set PVC pipe 5x20' lengths + 1x10' screen at bottom of hole.
Gravel packed to 84' with pea gravel. Set 4' bentonite seal.

Run tremie pipt to 60'. Mix grout — 100 gals water; 17 bags
cement; 20 1lbs bentonite; 5 to 10 1bs Flocele. Pump about
2/3 of mixture down outsdie PVC. Pump remainder between 8"
and 10" casing.

Pull 10" casing. Try to sound cement outside 8" casing.

Could not locate cement. Sounded slurry to 20.94 m (68.7')
inside 8" pipe.
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TW 13

i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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HISTORY OF HOLE
TW13
D. Banton / M. Shaleen DATE: 09/17/84

Began drilling. Drilled 8"¢ open hole to 22' - caving from
saturated sand and gravel. Picked up 8" casing and drove
casing to 40' by 8:00 p.m.

DATE: 09/18/84

DTW at start of shift = 14' ftom top of casing. Bedrock at
42' - drove casing firmly into rock. Water saples at 22'
F=0.41 mg/1l; 45' F=0.32 mg/1.

Drilled open hole 42' to 98'. Basalt at 42' to 73'. Con-
glomerate at 73' to 98'. Most water appears to be made in
upper 15' of fractured basalt.

Logged well with gamma and resistivity.
Ran casing cutter to 36' and cut off drive shoe.

Set 15' 20 slot screen and 5%x20' blank PVC at bottom of hole
- cut off 18' blank PVC at surface. Gravel packed to 79'
(2' above screen) 8x5 gal pails gravel. Placed 4' bentouite
seal above gravel (80 1lbs bentonite pellets).

DATE: 09/19/84

Ran 1" tremie pipe to 60' - hole appears blocked by benton-
ite at 62".

Mix cement slurry. 20 sacks cement in 100 gals water, added
bentonite and Flocele.

Pump slurry into hole.

Pull 8" casing 4' to expose slurry to clay layer and prevent
seepage of water from sandy gravel entering basalt. 32.5' of
8" casing left in TW13 + shoe. Sounded grout to 14.4' below
surface on September 20. Grouted to surface on evening of
September 20.
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WELL DEVELOPMENT - TW13

TW13 was developed on October 8th using compressed air. One inch dia-
meter pipe was set to 60 ft below ground level. The well was developed for
approximately 70 mins at a rate of about 10 gpm. The water remained clear

during development.

Chemical parameters recorded during development are tabulated below:

Elapsed
Time T °C C pH Eh
(mins) («mhos/cm) (mV)
0.5 12 650 7.50 +202
20 "10.5 626 7.80 +198
35 9 600 7.83 +208
55 9 625 7.76 -
68 9 600 7.76 —%

*Sampled for Monsanto

F = 0.25 mg/1

The water level in TW15 had not fully recovered to original static when
TW13 was developed; however, TW15 drew down 0.07 ft during the development
of TW13. Full recovery of TW1l5 was observed approximately 6 hrs later. The

water level in TW1l4 did not respond to the development of TWl3.
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i) Schematic Test Well Completion
ii) Field Borehole Log
iii) History of Hole and Well Development
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1:15 - 1:30
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HISTORY OF HOLE
TWl4
D. Banton / M. Shaleen DATE: 09/19/84

Move and set up on TWl4.

Drill and drive 8" casing with drive shoe to 24' below
ground. Encounter water at 9'. Drilled about 3' into clay.
(First 9' of hole drilled 10”"¢ open hole.)

Set 1x5' 20 slot PVC screen + 1x20' PVC blank pipe at 20.5'.
Gravel pack screen with 6x5 gal pails of gravel to 13'. Cav-
ed materials 13' to 10'. 60 lbs bentonite above cave to
8.5'. Hole grouted to surface with cement slurry on Septem-—
ber 20. 8" casing and drive shoe pulled out.



842-1543 Page 2 of 3

WELL DEVELOPMENT - TWl4

TW1l4 was developed on October 8th using compressed air. One inch dia-
meter pipe was set to 18 ft below ground level (inside well screen). The
well was developed for approximately 50 mins and airlifted approximately 20

gpm. The water was initially milky; however, it cleared up after about 5

nins of development.

Chemical parameters recorded during development are tabulated below:

Elapsed
Time T °C C pH Eh
(mins) («cmhos/cm) (nV)
1 11.5 600 7.81 +232
22 11.5 590 7.65 +213
37 11.5 600 7.70 4219
52 10 600 7.71 +220*

*Sampled for Monsanto

F = 0.35 mg/1

‘No response to development was seen in either TW13 or TWl5.

The water level in TWl4 recovered to within 0.06 ft of original static

water level within 5 mins of developument ending.
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WELL DEVELOPMENT - TWl4

The well was bailed on October 27th using an 8-1/2 ft long, 2 in. dia-
meter PVC bailer with a check valve (brass). The well was bailed 10 times,
removing approximately 13.5 gals from the well. Well volume at the time of

bailing was 7.2 gals. The sample was cloudy due to suspended silt. The

sample was taken to the Monsanto laboratory for immediate filtering and

preservation.

Field measurements for temperature, conductivity and pH are given

below:

T = 6°C
= 575«mhos/cm
pH = 7.08 (Monsanto lab = 7.40)

Prior to bailing, the brass check valve of the baller was lost into

the well. The check valve has not been retrieved.
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i) Schematic Test Well Completion
ii) Field Borehole Log

1ii) History of Hole and Well Development
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Page 1 of 3
HISTORY OF HOLE
TW15
D. Banton / M. Shaleen " DATE: 09/20/84

Set up and start drilling.

Drilled open hole 10"¢ to 9'.

Hook up hammer, weld on drive shoe to 8" pipe.
Drilling with casing to 45' through overburden 8"@.

Drilled 8”@ open hole to 60' (not supervised). Hole not log-
ged since Monsanto had equipment.

Set 1x10' PVC 20 slot screen + 3x20' blank PVC. Gravel pack-
ed 59 to 48-1/2' with 16x2 gal pails gravel. Bentonite seal
48-1/2 to 46' with 80 1lbs bentonite pellets. Added cement
slurry via tremie pipe (40' long). Mix - 125 gals water, 23
bags cement, 15 1lbs Flocele, trace bentonite. Pulled 8" cas-
ing after slurry added. Casing pulled back 6' to allow grout
to seal in clay.
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WELL DEVELOPMENT - TW15

TW15 was developed on October 8th using compressed air. One inch dia-
meter pipe was set to 40 ft below ground level (inside well screem). The

well was developed for approximately 55 mins at a rate of 20 to 30 gpm.

Chemical parameters and water levels recorded in TW13 and TW1l4 are

s

shown below:

Elapsed .

Time T °C C pH Eh

(mins) («mhos/cm) (mV)
5 9.5 400 8.07 +301
20 11 550 7.98 +313
40 10 600 7.78 +242
55 11.5 600 - -%*

The well recovered to within 0.05 ft of original static water level

*Sampled for Monsanto

F = 0.26 mg/1

within a few minutes of development ending.

P PP .M. ... .~

¥

i

N : -3
= 3 3 » = - - v A

TW13 drew down 0.15 ft during the development of TW15. Full recovery
of TW13 was not observed. TW1l3 recovered approximately 0.1 ft in the 1 hr

period following development of TW15.

TW14 showed no response to development of TW15.
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WELL DEVELOPMENT - TW15

The-well was bailed using the PVC bailer on October 27th, 1984. The
well was bailed 50 times, removing 68 gals of water. The well volume at
the time of sampling was 31 gals. The water remained clear during bailing.
The sample was immediately taken to the Momsanto laboratory for filtering

and preservation.

Field measurements:

T = 6.5°C
pH = 7.68 (Monsanto lab = 7.40)
C = 400smhos/cm
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i) Schematic Test Well Completion
ii) Field Borehole Log
iii) History of Hole and Well Development
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HISTORY OF HOLE
TW16
D. Banton / M. Shaleen DATE: 09/21/84

Move and set up on TW16.

Start drilling 10"@ drilled to 10'. Set 9'10"¢ casing to
stabilize fill.

Drill 10"@ open hole to 28' - bedrock 22'.

Pull out 10" bit, set 8" casing to 28'.

Drilling 8" open hole from 28' - some cinders/weathered bas-
alt at 36-1/2'. Water at 68' - <1 gpm. 74' making 2 to 5
gpm. 76' - 1/2' cinder zone? Loose drilling circulation at

76-1/2"'.

Drilled to 82' - no return. Pull rods - rods wet below 35'
- probably loosing water into cinder zone at this depth.

Logged hole for gamma oﬁly. Water level at 59.4' below
ground level.

DATE: 09/25/84

Move back onto TW16.
Drilling out cave and stabilizing hole — some cave at 40'.

Set 1x5' 20 slot screen, gravel pack to 67.7' with 10x2 gal
pails gravel. Bentonite pellets to 63.6' 3x20 1b pails.

DATE: 10/11/84

Hole grouted to surface with approximately 1-1/2 yds of
grout.

Grout = 48 gals water/yd
= 9 bags cement/vd

2200 1bs sand/yd

Grout poured from surface.
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WELL DEVELOPMENT - TW16

TW16 was developed on September 29th. Tremie pipe was set to 75 ft.
Developed for 35 mins at a rate of 10 to 15 gpm. The water was red/brown

for the first 5 mins of development and then cleared up.

Chemical parameters and water levels recorded during development are

shown below:

Elapsed Depth to Water
Time ' T °C C pH Level (TOC) (m)
(mins) o {ambo/ c ) o TW17 TW18
Before 18.88
2 11 1150 7.66 18.885 17.91
15 10 1100 7.80 18.89
25 9 1100 7.86 s
35 9 1150 7.88 18.89 *
After 18.88 *

*Recovering from development

The well recovered instantaneously. A water sample was taken for fur-

ther analysis by Monsanto.

Fluoride Measurement = 7.4 mg/l
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i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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842-1543 Page 1 of 3

HISTORY OF HOLE

Twl7

GEOLOGIST: D. Banton / M. Shaleen DATE: 09/21/84

4:15 - 4:30 Move and set up on TW1l7

4:30 - 5:15 Drill to 22' (bedrock) set to 10'10"” casing to stabilize
fill.

5:50 - 7:00 Drilling open hole 10"@ to 47' - hole starts to cave at 45'
in weathered basalt/cinders (no water).

DATE: 09/22/84

8:00 Start drilling. Drilled to 52' by 8:20 - out of caving mat-
erial into more competent basalt.

8:20 - 9:30 Pull rods - set 8"¢ casing to 50'. Rerun rods.

9:30 - 1:35 Drilling 8"¢ open hole 52 to 113'. Water at 68' <1 gpm.
Pick up more water at 76-1/2 to 78' - cinder zone? Water
sample for Monsanto - F = 9.7 mg/l. Vesicular/weathered
basalt 102 to 107' - more water. Loose circulation of cut-
tings and water at 108'.

1:35 Pull drill rods - push 8" casing to 51-1/2' below ground.
Rerun rods.

2:10 Restart drilling — no return.

2:15 Pull rods.

2:30 - 3:15 Log hole for gamma and resistivity. DTW = 59.2' below ground
level.



842-1543

GEOLOGIST:

9:30 - 12:55

-1:50 -~ 7:00

Page 2 of 3
HISTORY OF HOLE
TW17
D. Banton / M. Shaleen DATE: 09/24/84

Backfill hole to 106.7' with gravel 5-1/2x4 gal pails. Set
1x10' 20 slot PVC screen and 110' blank PVC 4"@¢. Gravel
pack screen to 95.6' 6x4 gal pails. Bentonite to 91.3' 3x20

1b pails.

Run tremie pipe to 80'. Mix grout 125 gals water; 21 bags

cement; Flocele; trace bentonite. Pump grout, pull tremie
and clean up.

DATE: 09/25/84

Depth to top of grout sounded as 72.8" (probably invaded
upper cinder zone at 76').

DATE: 10/04/84

Hole grouted to surface with 9 bag grout and sand, approxi-
mate volume = 1-1/2 yds.
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842-1543

WELL DEVELOPMENT - TWl17

Page 3 of 3

TW17 was developed with compressed air on September 29th. One inch

diameter Tremie pipe set to 80 ft. The well was developed for 35 mins at a

rate of 2 to 5 gpm. The water was clear at all times during development.

Chemical parameters and water levels recorded during development are

shown below:

Depth to Water
Level (TOC) (m)

Elapsed
Time T °C c pH
(mins) {kmhos /cm)
0
5 9 1350 8.24
15 7.5 1350 8.37
25 7.5 1350 8.39
35 8 1350 8.42

TWL6

18.90
18.90

18.90

*Recovering from development

TW18

17.96

17.945

The well had fully recovered within 10 mins of development ending.

A water sample was taken for Monsanto after 35 mins of develop— ing.

Fluoride Measurement = 7.9 mg/l



TW 18

i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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GEOLOGIST:
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Page 1 of 3
HISTORY OF HOLE
TW18
D. Banton / M. Shaleen DATE: 09/25/84

Started drilling 10"¢ open hole.
Set 10"@ surface casing to 15.8'. Bedrock at 19°'.

Drilling 10"@ open hole to 75'. Hole caving. Hit water at
66.5' — 1 to 2 gpm. Cinder zone at 74 to 75'.

Pull rods.

Go for casing (8"¢).

DATE: 09/26/84

Run 8"@ casing to 77'.

Drilling from 77' - hole making 20 to 30 gpm water. 98' -
weathered basalt vesicular? 104' - clayey layer?

162' (fresh basalt) end of shift.

DATE: 09/27/84

Start drilling. 166-1/2 to 168' clayey layer, greenish-grey.
Eh probe seems to be malfunctioning. 191 to 193' some cin-
ders? Vesicular basalt? Red/Brown. 206 to 206-1/2' bit falls
~ probably open fracture/void in basalt. 224~1/2' red/brown,
water, weathered basalt - vesicular.

Pull .rods from 250' - still in basalt.

Log hole for gamma, resistivity and S.P. Water level at 58°'.



842-1543

GEOLOGIST:

Page 2 of 3
HISTORY OF HOLE
TW17
D. Banton / M. Shaleen DATE: 09/28/84-

Backfill hole to 242.7' with gravel. 80 1b bentonite pel-
lets 242.7 to 238.1'. Gravel to 234.3'. Set 1x10' 4"¢ PVC
screen 234.3 to 224.3'. Gravel pack to 219.3'. 60 1b Ben-
tonite pellets 219.3 to 215.5°.

Run tremie pipe to 180'. Cement truck brings 400 gals with
73 bags cement. Add 100 1b bentonite powder and 25 lbs Flo-

cele. Pump into hole.

DATE: 09/29/84

Sound grout to 73' below ground level. Pull out 77' 8" cas-
ing. Grouted surface with approximately 2 yds cement—sand
grout. Water level at 17.95 m (58.89') below PVC casing.
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842-1543 Page 3 of 3

WELL DEVELOPMENT - TW18

TW18 was developed on September 29th using air. The tremie pipe was
set to 160 ft below ground level and air introduced. The well was developed
for 35 mins. The water was clear at all times. The airlifted flow was

estimated at 5 to 10 gpm.

Chemical parameters recorded during development are shown below:

Elapsed Depth to Water
Time T °C C pH Level (TOC) (m)
(mins) {mhos/cm) TW16 TW17
0 18.895 18.875
5 6 1100 7.76
15 6 © 1100 7.81 18.90 18.88
25 6.5 1100 7.81 18.90 18.875
35 7 1100 7.91
After 18.90 18.88
A water sample was taken at the end No discernable
of development for Monsanto. change in water
levels during
development.

Fluoride Measurement = 0.34 mg/l



W 19

i) Schematic Test Well Completion
ii) Field Borehole Log
iii) History of Hole and Well Development
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GEOLOGIST:

10:25

11:00 - 11:20

11:20° - 11:30

11:30 - 13:00

1:30
2:30
3:15

4:05

- 2:30
- 3:15
- 4:05

- 4:55

Page 1 of 2
HISTORY OF HOLE
THL9
D. Banton / M. Shaleen DATE: 10/01/84

Started drilling 10"@, drilled to 14' using 10"¢ bit.
Drillers pick up 8" casing.
Set 8" casing to 14'.

Drilling 8"@ to 14 to 29'. Water found at 27' in fractured
basalt. Pull rods from 29'.

Lunch.

Drillers weld on additional 2' casing - push casing to 17'.
Log hole for gamma and resisti#ity. Drillers p/u materials.

Set screen gravel pack and placed bentonite seal. 5'x20 slot
PVC screen 29 to 24'. Gravel pack 29 to 23' with 6x20 1b
pails gravel. Bentonite pellets 23 to 19.5' 3x20 1b bento-—
nite pellets. Water level at approximately 21'. Flouride
analysis = 1.55 mg/1.

DATE: 10/08/84

Grouted hole to within 3' of surface with cement, bentonite,
Flocele grout when TW21l was grouted. Approximate volume 50
gals grout; 5-1/2 gals water/bag cement; 1 to 2% bentonite;
1l to 2% Flocele.



842-1543 : Page 2 of 2

WELL DEVELOPMENT - TW19

This well was not developed by airlifting following completion, since
wet ground conditions prevented access for the drilling rig. The well was
developed by bailing on the day before sampling. 70 gals (5 well volumes)
were removed from the well on November 13th, 1984. No measurements were
made on the chemical quality of the bailed water. No water level recovery

measurements were made following bailing.
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i) Schematic Test Well Completion
ii) Field Borehole Log
i1i) History of Hole and Well Development
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Page 1 of 2
HISTORY OF HOLE
TW20
D. Banton / M. Shaleen DATE: 10/01/84

Start drilling 10“¢ open hole. Bedrock at 8'.
Drilled to 16' at 10"g@.
Set 16' of 8" casing in hole.

Drilling 8"¢ in bedrock 16 to 28'. Hole making 20 to 30 gpm
at 27' in fractured basalt.

DATE: 10/02/84

Drilling 8"@¢. Hit cinder zone at 38' making 100 to 200 gpm
caving. Hole drilled to 48' - caved back to 43'. 1Unable to

drill further without washing out big cavity in cinder zone
or setting casing.

Log hole gamma, resistivity and S.P.

Start well cbmpletion. Set 5'x20 slot screen 44 to 39' +
2x20' blank PVC + 1x10' blank PVC to surface. Gravel pack
screen to 35.5' with 90x20 1b pails gravel. Bentonite pel-

lets 35.5 to 31'. 70 1b pellets.

DATE: 10/08/84

Grout hole when TW21 grouted. Mixture of 5-1/2 gals water/
bag cement; 1 to 2% Flocele; 1 to 2% bentonite. Approximate-
ly 75 gals grout pumped from the surface into annulus of
hole to bring level to within 3' of surface. Water level at

about 21°'.
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WELL DEVELOPMENT - TW20

TW20 was developed on October 18th, 1984, using compressed air. One
inch pipe was set to a depth of 38 ft below ground level. The well was de-
veloped for 50 mins at a rate of approximately 50 gpm. The discharge water

was clear at all times during development. Stevens water level recorders

monitored water levels on TW19 and TW21 during development.

Chemical parameters recorded during development are shown below:

Elapsed
Time T °C C pH Eh
(mins) jﬂmhos/cm) (mV)
0
3 5.5 775 7.78 +244
28 5.5 775 7.47 +285
50 5 750 7.49 +323%

*Sample taken for Monsanto

F = 2.15 mg/1

The water level in TW19 drew down 0.04' during the development of TW20.
Tw19_recovered soon after development ended. Water leven in TW21l did not

respond to the development of TW20.
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i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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Page 1 of 3
HISTORY OF HOLE
TwW21l
D. Banton / M. Shaleen DATE: 10/02/84

Began drilling 10"@¢. Bedrock at 12 to 13'. Basalt dry. 10"
bit jamming at 17'. Pulled out 10" bit.

Reaming 12"¢ at 0 to 17'. Set 15' 10" casing in hole.

Repairing equipment.

Drilling 10"@ at 17 to 33' - very slow. Water at 26 to 27',
making 30 to 50 gpm at 30'.

DATE: 10/03/84

Started drilling - drilled to 43' at 10"@ by 8:35. Cinders
at 41' making lots of water — 100 to 200 gpm. Set 20' 8"
casing 1in hole with drive shoe - rig broke down at 11:00

d.Me.

DATE: 10/05/84

Welding on 8" pipe, setting up hammer - drove 8" pipe to
approximately 52' (out of cinder zone).

Drilling 8"@ open hole from 52'. Thin cindery zone at 67',
otherwise basalt to 103'.

Stop drilling at 103'.



842-1543

GEOLOGIST:

7:30 - 8:00

8:10

9:30 - 10:00
10:05 - 10:55

10:55 - 11:50

11:50
12:00
12:25

1:35 - 3:30

9:15
9:15 - 9:30

9:30 - 10:10

10:10 - 11:15

11:15 - 12:20

12:20 - 12:45

Page 2 of 3
HISTORY OF HOLE
TW21
D. Banton / M. Shaleen DATE: 10/06/84

Pull drill stem, change tricone bit.

Start drilling - drilled to 130' by 9:30, clay 116 to 118",
weathered basalt 104 to 107°'.

Pull drill stem out of hole.

Log hole - natural gamma, S.P. and resistivity.

Backfill hole with gravel to 127' - 3x50 1b pails gravel;
bentonite pellets 127 to 123' ~ 100 1b pellets; gravel to
120' - 2x50 1b pails gravel.

Hook up casing cutter to cut 8" casing in hole.

Run cutter to 35', start cutting.

Stop cutting - pull .tool - 8" casing seen to move.

Set 10' 20 slot. PVC screen at 120 to 110' + 6x20' blank PVC
to surface. Gravel pack to 105' with 7x50 1b palls gravel,
bentonite pellets at 105 to 101' - 2x50 1b bentonite
pellets.

DATE: 10/08/84

Drillers on site after weekend.

"Run 1"¢ pipe to 84' below surface.

Wait for Parsons cement truck with 73 bags cement - 400 gals
water. Mix 50 1lb bentonite powder + 12-1/2 1b Flocele.

Pump cement into TW20 and TW19 to top up. Then pump remain-
der (approximately 200 gals) into TW21l. Pull out 1" tremie
plpe and clean out cement mixer.

Pull out 35' of 8" casing (casing had been cut at 35' on
October 6/84.

Cleaning up site.

Hole grouted to surface with 2 loads of 1-1/2 yds of sand/
cement grout on October 9th and llth.

Grout = 48 gals water/yd; 9 bags cement/yd; 2200 1bs sand/yd

"
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842-1543 Page 3 of 3

WELL DEVELOPMENT - TW21

TW21 was developed on October 18th, 1984, using compressed air. One
inch diameter pipe was set to a depth of 80 ft in the well. The well was
developed for 40 mins at a rate of about 5 to 8 gpm. The discharge water

was initially slightly cloudy; however, the water cleared up within 15
mins. Stevens water level recorders monitored the water level on TW20 as

development was carried out.

- Chemical parameters recorded during development are shown below:

Elapsed
Time T °C C pH Eh
(mins) (s«mhos/cm) (mV)
0 Eh Probe Damaged
5 5.5 1150 7.29 -
20 5.5 1100 7.42 -
40 6 1100 7.47 - %

*Water Sample Taken for Monsanto

F = 0.31 mg/l

No water level response was seen in TW20 during the dvelopment of TW2l.
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i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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GEOLOGIST:

p.m.
6:00 - 7:15

7:25 p.n.

a.m.
8:00 - 11:30

11:30 - 12:00

1:00 - 4:30

Page 1 of 3
HISTORY OF HOLE
W22

D. Banton / M. Shaleen DATE: 10/08/84

Move and set up over hole.

Start drilling 10"¢ through dense grey slag. Hit brown/black
silty sand at 4' - wet at 7' ~ need to drive casing to keep

open.

DATE: 10/03/84

Drill and drive 8”@ casing to 44’ — weathered basalt? at
35'(?), dense grey basalt at 44'. Dry.

Remove casing hammer, pull out drill string and change to 8"
bit with centralizer.

Drilling 8"@ open hole 44 to 89'. Hit water at 75' in loose
cinder zone - loss of cuttings and water — caving back on
bit. Decide to stop hole at this depth and probably complete
in this zone.

Logger not available therefore move over and start no new
hole. Water level at 66.6'. Water sample for flouride gives
18.7 mg/1l. Conductivity 1800.mhos/cm.
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GEOLOGIST:

7:05

8:35

11:20

11:25 - 12:15

12:35

Page 2 of 3
HISTORY OF HOLE
TW22
D. Banton / M. Shaleen DATE: 10/16/84

Move back onto hole (depth = 89'), water level at 67.26'
below ground.

Started drilling 8"¢ from 89' - some foam added to bring
cuttings to surface.

Drilled to 112' - hit weathered basalt zone at 107' - picked

up some water,

Log hole for gamma and resistivity. Water level at 20.57 m
(67.5') below casing (s/u = 0.1 m), therefore water level =
67.15' below ground level.

Installation ~ set 1x5' 20 slot PVC screen; 5x20' blank PVC
and 1x10' blank PVC. Gravel pack screen with 112 gal pails
gravel to 104.1'; 70 1b bentonite pellets at 104.1 to 106'.
Run 1" tremie pipe to 84'. Pump 200 gals grout with 5-1/2
gals water/bag cement, 25 lbs bentonite and 6 to 7 1b Flo-
cele.

DATE: 10/17/84

Sounded grout to 23.68 m (77.69') below ground.
DWT inside well = 21.35 m (70.04"')

DWT outside pipe = 21.40 m (70.20') - probably reflects head
in overlying zone, therefore upward flow potential.

DATE: 10/22/84

Added 36 bags cement and 200 gals water to annulus of hole -
cement added from surface since only 7' of water in bottom
of hole. Most of grout appeared to seep into fractured rock.
Sounded to 66' afterwards.

DATE: 10/23/84

Add 1 yd cement/sand mixture to well - filled annulus to
within 3' of ground level. Mixture = 9 bags cement to 48
gals water + 2200 lbs sand.
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842-1543

WELL DEVELOPMENT - TW22

Page 3 of 3

TW22 was developed with compressed air on November 22nd, 1984. One

inch diameter tremie pipe was set to 100 ft and the well developed for

approximately 1 hr at a rate of 20 to 25 gpm.

The discharge water was

initially a dirty red-brown; however, it cleared up after 5 to 10 mins of

developing. Stevens' water level recorders monitored water levels on TW23

and TW24 during the airlifting.

Chemical parameters for TW23 are shown below:

Elapsed
Time T °C C pH
(mins) («mhos/cm) ’
8 9 1775 7.69
25 9 1825 7.52
40 9 1800 7.52
55 8.5 1800 7.56
F = 6.4 mg/l

The water level in TW24 drew down 0.24 ft during the development of

TW22. The water level in TW23 did not change during the same period.

The water level in TW22 had nearly recovered its original level approx-

imately one day after development ended.
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i) Schematic Test Well Completion
ii) Field Borehole Log
iii) History of Hole and Well Development
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GEOLOGIST:
p.-m.

5:20 - 5:25
5:25 - 5:35
5:35 - 5:50
5:50 - 6:10
6:50

3:15 p.m.
4:45

4:45 - 8:00

de.Me.

7:05-- 10:00

10:00 - 10:50
10:50 - 12:20
1:20 - 3:00

3:00 - 6:45

6:45

Page 1 of 4
HISTORY OF HOLE
TW23
D. Banton / M. Shaleen DATE: 10/09/84

Move and set up over hole.

Hook up hammer to drive 10"¢ casing.

Drill 10"¢ open hole O to 8' to penetrate dense slag.

Weld on 'drive shoe' to 10" casing (drive shoe is 10" casing
pushed over 10”). Set 10" casing in hole. lst length = 5'4",
2nd length 20'0" = total length 25'4".

Drove casing to 23'.

DATE: 10/10/84
Add 20' 10" casing. Drove to 44'. Total 45'4".
Take off hammer - start drilling open hole. 10"@.

Drilling 10"® open hole at 44 to 68'. No water — fresh grey
basalt.

DATE: 10/11/84

Drilling 10"@ at 68 to 88'. Hit cinders zoune at 75' making
water - about 50 gpm.

Drillers pick up casing (8").

Weld and set 8" casing with drive shoe to 75'.

Weld and set 8" casing with drive shoe to 89'.

Drilling 8”@ at 89 to 131'. 89 to 105' fresh grey basalt,
105 to 108' weathered basalt. Pick up water through weather—

ed zone. Increase in specific conductance of water?

Drawdown chain snaps in two places. Links need to be re-
placed.



842-1543

GEOLOGIST:
8:00 - 1:30

1:30 = 7:20

7:15 - 12:05

12: 05 - 1:15
1:15 - 2:10
2:16 - 2:45
2:45 = 4:15

4:15 - 4:30

Page 2 of 4
HISTORY OF HOLE
TW23
D. Banton / M. Shaleen DATE: 10/12/84

Drillers fixing drawdown chain with new links. Will have to
replace chain, but drilling can carry on though not at full
down pressure.

Drilling 8”@ open hole 131 to 191'. Fresh grey basalt at 131
to 164/65'. Slow drilling. Fast drilling at 164/65 to 186°'.
Clay at 168 to 170', weathered basalt at 165 to 186' and 170
to 178', fractured basalt at 178 to 188'. Increase in water
flow through this zone - 100 to 200 gpm. Decrease in ground
water conductance and pH.

DATE: 10/13/84

Drilling 8¢ open hole 191 to 225'. Fresh grey basalt. Very
slow drilling progress. Possibly fractured at 203' and may
have picked up some water — greenish.

Lunch.

Drilling 225 to 231' - slow progress.

Pull out drill string.

Logging hole using natural gamma, resistivity and S.P.

Stand by while call for cement to backfill hole. Run tremie
pipe to 230’ to pump grout down. Depth to water in hole
20.88 m (68.50'); s/u0.30 m (1') = 20.58 m (67.5') below
ground. Cement truck arrives — mix in 1/3 bag Flocele (7 to

8 1bs); 20 1b CaCly; 20 to 30 1b bentonite. Pumped down
tremie pipe to base of well.

DATE: 10/14/84

Sounded depth to grout as 204' below ground.
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842-1543

GEOLOGIST:

10:00

10:00 - 1:00
and

1:00 - 4:00

4:00

5:25

5:50 - 7:05

Page 3 of 4
HISTORY OF HOLE
TW23
D. Banton / M. Shaleen DATE: 10/15/84
Run casing cutter to 62' - cut 8" casing.

Backfill hole with gravel 204 to 195.3' - 6x5 gal pails gra-
vel. Place bentonite pellet seal 195.3 to 190.2 (100 1b pel-
lets). Pea gravel 190.2 to 185.7' - 4x5 gal pails gravel.
Set 10' 20 slot PVC well screen at 185.7 to 175.7' + 9x20'
blank PVC pipe to surface - joints teflon wrapped. Gravel
packed screen to 171.2' with 8x5 gal pails gravel. Bentonite
seal 171.2 to 167.6' - 90 1b bentonite pellets.

Run 1"¢ tremie pipe to 145', Cement mixed by Parsons ~ 55
bags cement, 300 gals water, added 15 1lbs Flocele and 40 1bs
bentonite. Mixed for 10 mins in mixer - pumped into hole.

Pull out tremie pipe, clean up.

Pull out 62' 8" steel casing.

DATE: 10/16/84

Sounded grout to 19.025 m (62.4') below ground (above water
level in hole). Topped off to within 3' of surface with 200
gals water, 36 bags cement, 25 lbs bentonite and 7 lbs Flo-
cele.



842-1543 ' Page 4 of 4

WELL DEVELOPMENT - TW23

TW23 was developed with compressed air on November 2nd, 1984. One inch
diameter tremie pipe was set to 164 ft below ground. The well was developed
at a rate of 15 to 20 gpm for 1 hour. The discharge water had a slight

reddish tinge during development. Stevens' water level recorders monitored

water levels on TW22 and TW24 during the airlifting.

Chemical parameters recorded during development are shown below:

Elapsed

Time T °C C pH

(mins) {emhos/cm)
5 7.5 1210 10.65(?)
20 7 1250 7.95
40 6 1200 7.68
55 6 1150 7.53

F = 1.3 mg/l

Water levels in TW22 and TW24 were still recovering following develop-
ment of these wells when TW23 was developed. However, no impact on the

recovery in either well was seen.
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TW 24

1) Schematic Test Well Completion
ii) Field Borehole Log
iii) History of Hole and Well Development
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842-1543

GEOLOGIST:

9:35

1:00

- 6:05

- 6:40

- 11:30

to 1l:15

- 6:05

- 6:30

- 7:00

Page 1 of 3
HISTORY OF HOLE
TW24
D. Banton / M. Shaleen DATE: 10/16/84

Move and set up on TW24, hook up casing hammer.

Weld on 8" drive shoe to 8" pipe.

Start drilling and driving 8" casing. Driven to 18' by 7:00
p-m. O to 4' slag, 4 to 18' tailings.

DATE: 10/17/84
Add 8" casing — 14' long. Approximate total 34'.
Finished welding — driven to 32' by 9:35 a.m.

Drillers look for hose élamp and wind break for protection
from snowstorm..

Welding on 14'4” 8" casing — total = 48'4". Driven to 45'.

Drilling open hole 45'.

Open hole drilling 8"¢ — 45 to 92'. No water 'til 75' -
entered cinder zone — 50 gpm. Response to drilling seen in
TW22, 5 cm drawdown.

Pull out drill string. Prepare to set screen. Monsanto has
logger, therefore no log.

Set 1x10' PVC screen 20 slot + 4x20' blank PVC + 1x10' blank
PVC.



842-1543

GEOLOGIST:

7:00 - 8:20

Page 2 of 3
HISTORY OF HOLE
TW24
D. Banton / M. Shaleen DATE: 10/18/84

Gravel pack screen from 92 to 73.5' with 91 gals pea gravel.
50 1b bentonite pellets - 73.5 to 69.8"'.

DATE: 10/22/84

Grouted to within 3' surface with 36 bags cement and 200
gals water. Water level outside well before grouting = 20.3
m (66.6') below well casing. Water level inside well = 70
from same datum. Therefore downward head.
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842-1543 Page 3 of 3

WELL DEVELOPMENT - TW24

TW24 was developed on November 2nd, 1984. One inch diameter tremie
plpe was set to 80 ft and the well developed for 55 mins at a rate of 3 to
5 gpm. Stevens' water level recorders monitored the water level response

in TW22 and TwW23.

" Chemical parameters recorded during development are shown below:

Elapsed

Time T °C C pH

(mins) (4mhos/cm)
10 7 1300 10.76
20 6 1400 9.19
35 7 1425 8.85
45 6 1425 8.67
55 6 1400 8.64

F = 9.3 mg/l

No response was observed in TW23 while TW24 was developed. TW22 was
recovering as TW24 was developed; however, TW22 drew down 0.02 ft as TW24

was being developed.



TW 25

1) Schematic Test Well Completion
i1) Field Borehole Log

iii) History of Hole and Well Development
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GEOLOGIST:
p.m.

3:10

4:10

5:00 - 6:30
7:15 = 7:55
7:55 - 8:55
8:55 - 12:00

12:00 - 1:00

1:00

3:50

4:05

5:05

- 3:50

- 4:05

- 5:05

- 6:30

Page 1 of 7
HISTORY OF HOLE
TW25
D. Banton / M. Shaleen DATE: 10/18/84

Started drilling 10"¢ open hole - drilled 5' through slag.
Hole caving - therefore go to pick up casing.

Weld on 10" drive shoe to 10" casing.

Drilled and drove 10§ casing to 27' using casing hammer.
Bedrock at 26/27'. Total casing set = 27' (10"@).

DATE: 10/19/84
Take off casing hammer - cut 10" casing at ground level.

Drillers pick up parts for compressor.

Drilling open hole 10"@ 27 to 70'. Hit orange/red—brown
clay/silt at 55' (similar strata to strata in TW1ll and
TW12). Weathered basalt and sand/clay at 55 to 60' - no

water. -

Lunch.

Drilling 10"d open hole 70 to 105'. Lose circulation at 93/
94'. Return at 96/97' - hole making 5 gpm — water is warm,
18°C (65°F), F = 7.1 mg/l. Loose circulation again at 99°'.

No return 99 to 105'. May be washing out sandy zone between
55 to 60°'.

Pull out drill string. Sound hole — hole caved to 90' below
ground level. Water level 87.3' below ground.

Pick up 80' of 8"@¢ casing from yard.

Set 8~ casing-to 30' ~ casing has problems getting through
10" casing, since 8" casing has drive shoe on.

Geolograph malfunctioned all day.




842-1543

GEOLOGIST:

8:00 ~ 10:20

10:20 - 10:45

10:45 - 11:50

11:50 - 1:25
1:25 ~ 4:30
9:20

9:20 ~ 12:05

12:05 - 1:30

1:30 - 3:45

Page 2 of 7

HISTORY OF HOLE

TW25

——

D. Banton / M. Shaleen DATE: 10/20/84

Push 8" casing through construction in 10" pipe using vibra-
tory downhole hammer. Set 105'5" 8" casing in hole. Casing
is set to approximately 103' below surface.

Run drill string with 8" bit into hole.
Drilling 8"¢ open hole 105 to 117'. 1 to 2 gpm warm water.
Lunch.

Drill 8"¢ open hole 117 to 167'. Hit orange/red clay layer
at 132', then loose fractured basalt and vesicular basalt at

134 to 146'. Water much cooler (10°C). Increase in air-
lifted flows to 50 gpm. Zone caves a little, but worked bit
through. Fluoride sample from 137' = 6.1 mg/l.

DATE: 10/22/84
Depth to water = 89.4' below ground level.

Drill 8"¢ open hole 167 to 188'. Mainly fresh grey basalt,
possibly weathered zones at 174 and 182' - reddish tinge to
water, but no change in chemical parameters.

Lunch.

Drill 8"¢ open hole 188 to 250'. Mainly fresh grey basalt,
thin weathered zones at 194', 218' and 235'. Water reddish
in these zones - no change in water quality though. Water
sample from 248' - F = 2.7 mg/1.
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GEOLOGIST:

7:30 - 8:30

8:30 - 10:00
10:00 - 11:55

11:55 - 12:50

12:50

6:30 - 7:30

Page 3 of 7
HISTORY OF HOLE
TW25
D. Banton / M. Shaleen DATE: 10/23/84

Depth to water = 87.9' below ground.
Pull out 8" drill string from 250'.

Log hole using Monsanto's logger — natural gamma and resis-
tivity.

Place bentonite pellets (150 1bs) 248 to 244.8'. Add 29 gals
pea gravel at 244.8 to 236.9°'.

Lunch.

Set 1x5' 20 slot PVC screen — threads teflon wrapped. 12x20'
blank PVC pipe — centralizers every 60'. Run sounder - can
not get sounder past 61 m (200'). Sounder also has trouble
passing 134'. Remember drive shoe has not been cut off cas-

ing. Pull out PVC and well screen — screen has some benton—
ite on bottom -~ probably picked up from sides of borehole.

Sound hole to 236.3' - has not filled up.

Run casing cutter to 80'. Pressurize and rotate for 15 to
20 mins.

Pull out casing cutter. Sound hole and add 2 gals gravel to
236'. Sound hole - hole appears to narrow at .133.5' below

ground - sounder has bentonite on it from this depth.

Run 8" bit and guide to 140' rotating slowly through narrow
zone.

Pull out 8" bit and guide.

Check guide and bit - both have bentonite omn them. Sound
hole - depth now 234.2' below ground. Hole has therefore
filled up approximately 2', probably with bentonite that was
stuck to the sides of the hole. Add 2 gals gravel to bring
level to 233.5'. Since zone to be screened is 237 to 231",
3" of the zone 1is still open.

Reset PVC pipe and screen — plpe appears to settle down
through soft material at bottom of hole. Have problems run-
ning sounder to bottom of hole - hanging up at 134 and 200°'.



842-1543
GEOLOGIST:
7:00 - 8:25
8:25 - 9:00
9:00 - 9:25
9:25 - 10:05

10:05 - 10:55

11:00

p.m.

3:20 - 4:10

4:10

Page 4 of 7
HISTORY OF HOLE
TW25
D. Banton / M. Shaleen ' DATE: 10/24/84

Pull out PVC pipe and screen. Sounded depth to bottom of

well 235.4'. Will cement hole and try to set screen higher
due to possible bentonite in screened section.

Run 11x21' tremie pipe (231'").

Wait for cement truck. Cement truck brings 60 gals cement
(11 bags) + 60 gals water. Add 5 1bs CaCly + 5 1bs bentonite
+ a little Flocele.

Pump cement to bottom of hole -~ should fill up to about
210°'.

Clean up tremie pipe and cement pump. Move off well to allow
cement to set.

DATE: 10/29/84

Move back onto hole and try to pull 8" steel casing - will
not move, although cut back at 80'. Move off hole.

DATE: 10/30/84
Move back over hole.

Run casing perforator between 60 and 95' inside 8" steel
casing - perforations about 1/4"x1" every 1l to 2". Can not
run perforator below 95' - appears to be tight around 8"
pipe below this depth. This leaves 95 to 105' casing un-
perforated. Bottom approximately 185' below ground - feels
mushy.

Perforated 2 runs at 180° to each other.

Run 8" drill string into hole to clean out constriction at
132'. Fine brown sand returns during clean up of hole. Wash-
ed hole '"til 5:45 - water eventually clears up. Pull back
8" drill string to 130°'.
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GEOLOGIST:

7:00 - 7:25

7:25

7:55

7:55 - 8:25

8:25 - 10:15

10:15 - 12:00

and
1:00 - 1:45
1:45 - 2:00

2:00 - 2:45

2:45
3:50

4:30

4:45

Page 5 of 7
HISTORY OF HOLE
TW25
D. Bantou / M. Shaleen DATE: 10/31/84

Drillers picked up PVC.
Ran drill stem to bottom of hole - seems open.

Pull out of hole - hole sounded to 193.6' - 2.5' stick up =
191.1' below ground level. Hole squeezing at about 134 to
137' below ground level.

Run 8" casing cutter to 50' and cut steel casing - sound
hole to 191' below ground. :

Set 10' 20 slot PVC well screen + 9x20' blank PVC pipe +
1x10' blank PVC pipe - 4"@ threads teflon wrapped.

Gravel pack screen to 179.2' with 25 gals gravel and 150 1b
bentonite pellets at 179.2 to 176.1'. Bentonite appears to
be hanging up at about 33 m (108') - 3' s/u = 105'.

Run 1" tremie pipe to 165'.

Wait for cement (Parsons) - 400 gals water and 73 bags
cement.

Add 12.5 1bs Flocele, 50 1lbs bentonite and mix 25 mins.

Cement pumped into hole.

Cleaning out equipment. Grout appears to be at least 37 m
(121') below casing, 121.4' - 2.5' = 118.9'. Depth to water
outside 4" PVC is 18 m (59'). Grout has displaced water up—-

wards.

Move off hole to TW28 site (northwest corner).
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GEOLOGIST:

7:00 - 7:20

7:45
7:45 - 9:10

9:10 - 9:30

9:30 10: 20

10:20 -~ 10:40

10:40 - 12:00

Page 6 of 7
HISTORY OF HOLE
TW25
D. Banton / M. Shaleen DATE: 11/03/84

Evening of November 2nd — moved back and set up on TW25.

Run 1”@ tremie pipe to 106' below ground level - bottom is
solid.

Ordered 400 gals water + 73 bags cement from Parsons.
Wait for cement truck.

Add 50 1bs bentonite powder and 12.5 1bs Flocele to cement
and mix 15 mins.

Pump approximately 200 gals cement into TW25 and use the re—
mainder to top up TW26.

Cleaning out equipment - tremie pipe and cement pump.

Try to pull 8" casing (had been cut at 50') with top head -
casing would not move. Welded on additional length of 8"
casing, vibrated casing with downhole hammer and pulled with
top head — casing was stuck solid.

Considered it uneconomical to try to pull casing with casing
hammer, since too much time would be expended setting up the
equipment to pull the casing.

Py oy

poy i

d

= 4 "N N PN MY MY PR e

O — RN — I — B — B — |




842-1543 Page 7 of 7

WELL DEVELOPMENT - TW25

The well was developed on November 5th, 1984. One inch diameter tremie
pipe was set to 160 ft below ground. The well was developed with compressed
ailr; however, the well recovered only very slowly. Ony one water sample was

obtained:

T = 9.5°
C = 1350 _¢mhos/cm
pH = 6.46 (No fluoride samples were run)

Occasional water levels were recorded following the removal of the 1

inch pipe:
DATE TIME DTW Comment
(m) (ft)
04/11/84 11:30 28.25 92.68 Day before developing.
05/11/84 10: 05 27.31  89.59  With 1" pipe in well.
05/11/84 10:40 46.82 153.60 Pulled out 1" pipe at
10:20.
05/11/84 13:02 37.83 -124.11

The water level in TW26 declined 0.06 ft during the "development”™ of
TW25. The water level in TW27 apparently rose 0.02' during the same period.




TW 26

1) Schematic Test Well Completion
ii) Field Borehole Log
iii) History of Hole and Well Development
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GEOLOGIST:
11:00

11:15 - 11:45
11:45 - 11:55
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2:30 - 6:10

6:10 - 6:45

7:00 - 10:05
10:05 - 11:00
11:00 - 12:00

12:00 - 12:55

4:30

4:45 - 6:40

Page 1 of 4
HISTORY OF HOLE
TH26
D. Banton / M. Shaleen DATE: 10/24/84

Move and set up on TW26.
Weld on 10" pipe on outside of 10" casing as drive shoe.
Drilled and drove 10" casing to 5'. lst length 10" = 10'10".

Lunch.

Drove 10" casing to 27' through slag. 2nd length 10" = 20'.
Cut off 3' casing at ground level.

Drilling 10"@ open hole 27 to 68'. No water encountered.
Problems with circulation at 55' in fine sand.

Drillers repair top head motor seals.

DATE: 10/25/84

Drilling 10"@ open hole 68 to 97'. Loose circulation at 92°'.
Damp cuttings at 95°'.

Pull out drill stem - drillers leave to pick up welding
rods.

Start setting 8" casing. Total lengths+shoe = 140'. 6' cut-
off totalling 98'. :

Lunch.

Setting 8" casing — difficult getting 8" casing past 37' -
appears rock has lodged in hole - run 8" drill string inside
casing to remove blockage — hook up downhole hammer bit to
vibrate casing through blockage. Hook up casing hammer to
drive last 20'. 8" casing set to 97'.

Drilling 8"¢ 97 to 127'. Making 10 to 20 gpm below 100°'. ‘
Water has a lot of fine sand - not warm though. ‘
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GEOLOGIST:
7:00 - 7:50
7:50 = 8:20
8:20 - 9:30
9:30 - 10:00

10:00 - 12:00

12:00 - 1:00
1:00 - 2:45
2:45 - 3:15
3:15 - 5:00
5:00 - 5:15
5:15 - 5:30

Page 2 of 4
HISTORY OF HOLE
TW26
D. Banton / M. Shaleen DATE: 10/26/84

Drilling 8"% open hole 127 to 142' - hit orange/red silt at
130', then cinders and vesicular basalt at 134', making >50

gpm.

Pulled out drill string and set up for logging hole.

Logging hole using Monsanto logger, natural gamma and resis-
tivity.

Ran casing cutter to 40', rotated and pressurized cutter.

Setting 4”@ PVC pipe and screen, set 1x5' 20 slot screen +
7x20' blank PVC pipe.

Lunch.

Gravel packed screen with 15x2 gal pails gravel.

Mary searced fof heavier weight for depth sounder.

Placed 4x50 1b pails bentonite over gravel pack.

DB goes to order cement — plant already closed.

Run 1"¢ tremie pipe to 123' below ground level. Depth to

water in well = 27.15 m (89.07'), depth to water outside
well = 27.14 m (89.04'").
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i) Schematic Test Well Completion
i1) Field Borehole Log
iii) History of Hole and Well Development
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Page 1 of 2
HISTORY OF HOLE
TW27

D. Banton / M. Shaleen DATE: 10/29/84

Move over and set up on TW27. Weld on drive shoe to 8" cas—
ing.

Hook up casing hammer.
Started drilling and driving 8" casing. Casing + shoe 8.5'

+ 20' = 28.5'. Weld on 20' 8" casing. Drilled through slag
to 24', then gravelly clay. Bedrock at 27'. Casing driven

into bedrock.

Drilled 8" open hole to 48' ~ no water.

DATE: 10/30/84

Start drilling from 48'.

Drilled to 98' By 10:25. Loose circulation at 92' - 92 to
97' faster drilling, weathered zone. No return of water or
cuttings. Depth to water = 86.35' - 2.6' s/u = 83.75' below

ground.
Pull out drill string — prepare to log hole.

Logging hole using Monsanto equipment ~ natural and re-
sistivity.

Lunch.

Hole caves about 4' before screen set. Screen 1x5' 20 slot
PVC at 94 to 89'. Gravel pack with 8x2 gal pails gravel at
94 to 87.6'. 50 1b bentonite pellets at 87.6 to 84.7'. Cut
off 8" steel casing at 1.5', therefore casing at 27°'.

DATE: 11/01/84

Grouted to surface with 1 yd sand/cement mixture poured from
surface into dry hole.
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WELL DEVELOPMENT - TW27

The well was developed on November 5th, 1984. One inch diameter ‘tremie
pipe was set to just above the bottom of the well (94 ft), and the well de-
veloped for about 1 hour at 1 gpm. The water was initially red/brown, con-
taining a lot of fine sand; however,/fﬁe water was clear following develop-

ra
I

ment.

Chemical parameters from the discharged water are given below:

. }

Elapsed

Time T c pH Eh

(mins) °C _{«mhos/cm) (mV)
20 7 1100 7.39 72
40 8 1200 7.57 71
65 7 1200 7.70 72

Fluoride sample from water after 35 mins gave F = 5.4 mg/1l.

Water levels in both TW25 and TW26 were recovering during the develop-
ment -of TW27.
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GEOLOGIST:

8:00
8:00 ~ 8:15

8:15 - 9:00

9:00 - 9:45

9:45

10:10

10:30 - 11:45

Page 3 of 4
HISTORY OF HOLE
TW26
D. Banton / M. Shaleen DATE: 10/27/84

Depth to water in well = 27.40 m (89.89')
Wait for cement truck to arrive.

Add 12-1/2 1bs Flocele + 50 1lbs bentonite to 400 gals water
+ 73 bags cement, mix for 20 to 30 mins.

Pump grout into hole annulus.

Clean out cement mixer and 1" tremie pipe.

Tried to pull out 8" casing — would not move. Attached down-

hole hammer to top head and vibrated casing - would only
move down a few inches but not up. Casing probably locked
in hole by rocks. Decide to abandon casing.

Sound cement to 73.8' below ground inside 8" casing.

DATE: 11/03/84

Added 36 bags cement with 200 gals water + 7 1bs Flocele +
50 1bs Bentonite powder to inside and outside 8" casing (re-
mainder of mix was used to grout TW25). Time adding cement
was charged to TW25. Grout pumped into hole from surface
using 1" diameter hose.
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WELL DEVELOPMENT - TW26

The well was developed on November 5th, 1984. One inch diameter tremie

pipe was set to a depth of 120 ft and the well airlifted at a rate of about
10 gpm for approximately 1 hour. The water had an orange/brown colour dur-

ing most of the development.

Chemical parameters of the discharged water are shown below:

Elapsed
Time T c pH Eh
(mins) °C f4mhos/cm) (mV)
5 8 1225 7.08 69
18 8 1275 7.21 58
35 9 1275 7.34 65
45 8.5 1300 7.35 70
60 8 1300 7.49 76

Fluoride sample from water after 35 mins gave F = 0.81 mg/l.

The water level in TW27 drew down 0.07' during the development of TW26.

TW25 was still recovering.
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TW 28

1) Schematic Test Well Completion
ii) Field Borehole Log

iii1) History of Hole and Well Development
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Page 1 of 3
HISTORY OF HOLE
TH28
D. Banton / M. Shaleen , DATE: 11/01/84

Walt for Monsanto to build pad to drill on.

Move and set up rig over hole locatiomn.

Drill 10"¢ open hole O to 21'. Run 21' 8" casing s/u = 1'.
Bedrock at 22', slag at O to 5', and silty clay at 5 to 22'.

Drilling 8“@ open hole 21 to 58' - hit water at 46' making
10 to 15 gpm. F = 0.60 mg/l.

Lunch.

Drilling 8"¢ 58 to 89' - hit cinder zone at 75' making 50
gpm — hole caving and loose. '

Pull out 8" drill string and sound hole - hole has caved at
32' in weathered basalt section — probably disturbed by all

the water during drilling.

Pull out 8" casing. Push in 21' 10" casing s/u = 1'. Drill
10"¢ open hole to 39' (reaming). Push 42' of 8" casing into
hole s/u = 4'6" , therefore casing pushed to 37'6".

DATE: 11/02/84

Run 8" drill string to 39' and clean out hole to 89'. Hole
does not cave in cinder zone.

Move off hole to drill TW29 and leave hole to be logged by
wW.S.U.
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GEOLOGIST:

8:45 ~ 9:50

9:50 ~ 10:45

3:10 - 6:20

7:00 - 12:30

Page 2 of 3
HISTORY OF HOLE
TW28
D. Banton / M. Shaleen DATE: 11/04/84

Washington State University logs TW28 with S.P., resistivi-
ty, caliper, natural gamma, gamma-gamma and neutron—neutron.

Golder logs TW28 using Monsanto logger — run S.P., resisti-
vity, and natural gamma.

DATE: 11/05/84
Set up over TW28 with drill rig.

Set 1x10' PVC 20 slot screen to 89' + 4x20' PVC blank pipe +
1x10' PVC blank pipe. Joints teflon wrapped and two centra-
lizers. Backfilled to 76.5' with 21x2 gal pails gravel.
Added 100 1lbs bentonite pellets to 75.5' = hole diameter
probably much larger here since still in cinder zone.

DATE: 11/06/84

Add 50 1bs bentonite pellets to 72.6' (3' seal). Order 73
bags cement in 400 gals water from Parsons. Add 50 1lbs ben-
tonite powder and 12-1/2 1bs Flocele - mix for 15 to 20
mins. Run tremie pipe to 60' below ground and pump in grout.
Sound grout to approximately 30' following pumping. Pull out
1" pipe, pull out 21' 10" casing and pull out 39' 8" casing.

.No casing left in hole.

DATE: 11/08/84

Grout to surface with 1 yd 9 bag grout brought by Parsons.
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WELL DEVELOPMENT - TW28

TW28 was developed for 5 mins with compressed air on November 7th,
1984. Development was stopped since the water was washing away the soil
from around the well. The well produced 30 to 50 gpm during development
with 1 inch diameter pipe set at 60 ft introducing compressed air. The
water level in TW29 declined 0.01 m (0.03 ft) during the 5 min development

period. One water sample was analyzed; the results are shown below:

T = 8°C

C =9004«mhos/cm
pi = 6.78
Eh = 4219

F = 0.35 mg/1

The well was developed for a second time on November 1llth, 1984, using
the portable compressor. The air hose was set to a depth of 89 ft and the
well was airlifted for 20 mins at a rate of about 50 gpm. No measurements
of water levels or chemical parameters were recorded during or after devel-

opment.
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i) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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Page 1 of 2
HISTORY OF HOLE
TW29
D. Banton / M. Shaleen DATE: 11/02/84

Move and set up on TW29,.

Drill 10"@¢ open hole to 20' — encountered fill at O to 5',
sandy clay and occasional gravel at 5 to 20°'.

Push 21' of 10" casing to 20' - casing stick up = 1'.

Drilling 10“¢ open hole 20 to 47' - hit damp basalt at 41",
making 20 to 30 gpm at 45'. Depth to water about 39'.

Logging hole using Monsanto logger (natural gamma and resis—
tivity).

Set 5'x 20 slot PVC screen to 47' + 2x20' blank PVC + 1x10'
blank PVC - threads teflon wrapped. Add 12.5 pails gravel
(2 gal each) to 39.5'. Add 100 1bs bentonite pellets to
36.5"'. '

Move off hole.

Parsons cement truck delivers 1 yd of 9 bag grout (sand and
cement), about 10 1bs of bentonite added and grout poured
into hole - hole 1is dry.
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} WELL DEVELOPMENT - TW29

TW29 was developed on November 7th, 1984. One inch diameter pipe was
set to a depth of 39' below ground level and the well developed with com-
pressed air for approximately 1 hour. Airlifting produced only 1/2 gpm due

to the low submergence. Chemical measurements on the discharged water are

given below. Water levels in TW28 were monitored using the metric probe

(P3) during development. No response-observed in TW28.

\

Elapsed
Time T c pH Eh
(mins) °C feemhos/cm) (Mv)

3 6 800 - +164

20 4,75 775 7.36 +173

40 5 775 7.48 +178

63 5 775 7.48 -

F = 0.48 mg/1.
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i) Schematic Test Well Completion
ii) Field Borehole Log

ii1) History of Hole and Well Development
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Page 1 of 2
HISTORY OF HOLE
TW30
D. Banton / M. Shaleen DATE: 11/08/84

Set up over hole and started drilling 8”@ open hole. At O
to 8' encountered fill, gravel, sand and silt, and at 8 to

25' encountered brown silty clay.
Bedrock at 25°'.
Pull out 8" drill string at 29°'.

Set 21' of 8" casing in hole - casing cannot be pushed fur-
ther than 16'6" with head. Cut off 3'7" of steel casing,
leave 11" s/u 8" casing. .

Clean out hole to 29'.
Restart open hole drilling 8"@.

Drilled to 69' - basalt to 40'; damp/moist, orange/brown
silty sand at 40 to 42'; basalt at 42 to 47'; moist red/
brown clay at 47 to 49'; basalt at 49 to 67'; cinders at 67
to 68'; and basalt at 68 to 69'. Hit water at 65', water
red/brown at 67' making 10 to 15 gpm. Analyzed for fluoride
= 2.9 mg/1 (Monsanto laboratory).

Pulled out 8" drill string.

Logged hole using Monsanto equipment - natural gamma, resis-—
tivity, and S.P.

Lunch.

Set 5' 20 slot PVC screen at 69 to 64', gravel packed with
12x2 gal pail gravel to 62.1 to 59.2'. 1x5' PVC screen +
3x20' blank PVC + 1x10' blank PVC. Centralizers at 44' and

10'. 3' s/u.

Grouted to within 3' surface with 1 yd 9 bag grout from
Parsons - poured into dry hole.
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WELL DEVELOPMENT - TW30

TW30 was developed on the morning prior to sampling (November l4th,
1984). The well was developed using a bailer. Forty gallons (about 6 well
volumes) were evacuated from the well in the morning before the well was
sampled in the afternoon. No measurements were made on the chemical quality

of the bailed water. No water measurements were made following bailing.
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W 31

i) Schematic Test Well Completion
i1) Field Borehole Log

1ii) History of Hole and Well Development
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842-1543

GEOLOGIST:

9:30 - 11:10

11:10

11:40

12:00 - 1:00

1:00 - 1:25
1:25 - 1:35
1:35 - 1:40
2:00
2:15
2:35
2:45 - 3:50
3:50 - 6:10

Page 1 of 2
HISTORY OF HOLE
TW31
D. Banton / M. Shaleen DATE: 12/03/84

Move equipment to drill site, set up, start rig and allow to
warm up (rig has been idle for 2 to 3 weeks). :

Start drilling 8"¢ open hole. Bedrock at 15.5'.

Loose return at 19.5'. Try to set 8" casing to 19" - can
not push casing past 3'.

Lunch.
Pull out 8" casing. Run 10"¢ bit to 16/17'.

Set 8" casing to 16' below ground - waste pipe = 2'6". s/u
= 6".

Run 8"¢ drill stem, restart drilling.

Hit water at 25' - bit falls through a fracture?/void. Down
15 mins while 900 compressor is started.

Making 10 to 20‘gpm from brown sand to sandy gravel at 25 to
41', Water T = 6°C; C = 500«cmhos/cm; pH = 6.89. Hole is
caving in gravel. Pull back drill string to 28' - hole caves
to 29°'.

Redrilled hole to 35' appears open, pull out drill string.
Sounded hole to 31.5' below 2.6' s/u, therefore the depth =
28.9'. Water level = 20.5' below ground.

Log hole for natural gamma and resistivity.

Set 1x5' PVC 20 slot screen — threads teflon wrapped, cen-
tralizer at 20' below ground level, + 1x20' PVC blank + 1x-
10' PVC blank. Screen falls to 31' when set, therefore pul-
led out and 2 pails gravel added. Screen sets firmly at 30'

below ground level. Gravel packed with 81x2 gal pails gravel
to 22.3'. Bentonite seal with 1x50 1b pail to 20.5'.

DATE: 12/10/84

Grouted to surface with approximately 40 gals grout from the
batch used in TW32.
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WELL DEVELOPMENT - TW31

TW3l was developed on December 13th, 1984. One inch diameter tremie
"pipe was set to a depth of 27 ft and the well airlifted at about 1/2 to 1
gpm for 1 hour. The water initially contained a large proportion of brown

fine sand, but cleared up after 10 mins of airlifting.

Chemical parameters of the airlifted water were measured during devel-
opment. Stevens water level recorders monitored the response of TW32 and

TW33:

Elapsed

Time T c pH

(mins) °C emhos/cm)
20 1 275 8.87*
35 1 350 8.73
45 3 375 8.76
60 2 375 8.84

*Extreme Cold Affecting Instruments

F = 0.48 mg/1

The water level in TW33 drew down 0.05 ft during the development of
TW3l (see Chart 1 TW33). The water level in TW32 drew down 0.02 ft during

the same period.
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TW 32

i) Schematic Test Well Completion
ii) Field Borehole Log

1ii) History of Hole and Well Development
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842-1543

GEOLOGIST:

7:30 - 8:50

8:50 - 11:10

11:10- - 11:55

11:55 - 12:55

12:55 - 5:30
7:30 - 9:00
9:00 - 9:40

9:40 - 11:15

11:15 11:40

11:40 - 12:40

12:40 - 12:55

12:55 2:40

2:40 - 3:00

Page 1 of 5
HISTORY OF HOLE
W32
D. Banton / M. Shaleen ' DATE: 12/04/84

Trying to start rig, pick up parts for primer pump on 900
compressor.

Drilling 10"@ O to 46' - basalt at 5' — making water at 26°',
some sand in samples - pull out 10" bit and guide.

-Set 8" casing to 46' - s/u = 6".

Lunch.

Drilling 8"¢ open hole 46 to 149'. Hole making 5 to 10 gpm
at 45'., Hit cinder/vesicular loose zone at 66-1/2', red/
brown water 20 gpm. Mixture of cinders and fresh basalt to
79'. Clay at 96-1/2 to 98'. Hole starts to make a lot of
fine brown sand. Water 1s continually brown - hole makes
increasing more water, about 100 gpm, and caves. Clay layer
encountered at 132 to 135' and at 135 to 149' broken/frac-

tured basalt? and sand. Decide to stop hole at 149' and log
hole to compare with nearby holes.

DATE: 12/05/84

Trying to start rig.

Pull out 8" drill stem.

Log hole using natural gamma tool only.

Reset 8" drill stem to continue drilling.

Lunch.

Trying to start 900 compressor.

Drilled 8"@% hole 149 to 190', hole making >100 gpm - water
is dark brown and very sandy, some conglomerate fragments.
Very fast drilling rate, hole 1is sloughing.

Pull out 8" guide and drill stem."

Hole caves to 181.4'.
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GEOLOGIST:

8:40

11:00

9:00

10:10 - 11:10

11:10 - 12:15

1:00 - 5:00

Page 2 of 5
HISTORY OF HOLE
TW32
D. Banton / M. Shaleen DATE: 12/06/84

Washington State University geophysical logger arrives. Logs
S.P., resistivity and caliper to 180'. Can not runm natural
gamma tool below 150', caliper tool may have disturbed hole
since all tool are same size. Run natural gamma, neutron-
neutron and gamma-gamma to 150°'.

Finish logging.

DATE: 12/07/84

Move back over TW32. Sounded hole to 166.7' below 6" s/u,
therefore hole is now open past blockage. Set up Monsanto
logger and run natural gamma tool - tool cannot get past
150', feels like rock. Think hole shows deviation and long
tool cannot get past kinks in hole.

Set 4"¢ PVC pipe and screen in hole. 2x5' 20 slot screens +
8x20' blank PVC + 1x10' blank PVC. Centralizers at 10', 50',
90' and 130'. PVC drops through obstruction at 150' to sit
at 166'.

Trying to log through casing, can only get natural gamma
tool to 163', although sounder can pass to 166'. Appears
PVC is bent and tool cannot move around kinks in pipe.

Gravel pack well and place bentonite seal. Took 49x2 gal
pails pea gravel to bring hole up to bottom of screen. Ap-
pears gravel probably falling below 66' to at least 180'
where hole initially caved to. 63x2 gal pails to gravel pack
to 151.2' (caliper log shows hole diameter up to 12" im this
location). 150 1lbs bentonite pellets to 149.9' - calliper
log indicated hole 8"@, therefore bentonite must be lodged
in hole, although probe could always reach bottom.
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842-1543

GEOLOGIST:
7:45

7:50

8:40

9:05

11:30

12:00 - 1:00

1:00 - 2:20

2:45 - 3:05

3:05 - 3:25

12:00

Page 3 of 5
HISTORY OF HOLE
W32
D. Banton / M. Shaleen DATE: 12/08/84

Depth to water inside PVC = 8.49 m (27.85') and outside PVC
= 8.13 m (26.67') - appears to be a seal in borehole.

Run 1"¢ tremie pipe, pipe stuck at 60' - feels soft. Attach
air hose to tremie pipe and airlift hole - about 1/2 pail

" congealed bentonite blown to surface. However, still cannot

ged past 60°'.
Pull out 1" pipe and move over to TW33.

Depth to water inside and outside PVC - 8.395 m (27.54'),
therefore may have removed blockage.

Move back onto TW32. Run tremie pipe to 60', hole blocked.
Attach air hose to tremie pipe and evacuate open hole -
water 1is cement grey (had just grouted TW33). Stop airlift-
ing.

Lunch -~ talk with D. Goldman, decide all we can do is grout
up hole.

Wait for Parsons cement truck — brings 50 bags cement in 275
gals water. Add 12-1/2 1bs Flocele + 30 1lbs bentoniote pow—

der, mix for 20 mins. (Enough cement for about 120' of 8"
hole with 4" PVC inside.)

Pump cement into TW32.

Clean out cement pump and tremie pipe. Run sounder — cannot
feel any cement to 60°'.

TW33 depth to water = 8.90 m (29.20') below top of PVC.

DATE: 12/09/84

7.96 m (26.11') inside PVC.
7.86 m (25.78') outside PVC.

Depth to water

Cannot feel any grout to 63'.
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GEOLOGIST:

8:35

9:00
9:00 - 9:30

9:30

9:45

11:00

11:00 - 11:30

Page 4 of 5
HISTORY OF HOLE
32
D. Banton / M. Shaleen DATE: 12/10/84

Depth to water inside PVC = 7.855 m (25.77'); and 7.81 m

(25.62') outside PVC. Run sounder - cannot get past 19.2 m
(62.72') - this 1s same as where hole caved.

Run tremie pipe to 60'.

Wait for cement truck to arrive.

Cement truck arrives with 73 bags cement, 400 gals water -
add 30 1lbs bentonite powder and 12-1/2 1lbs Flocele, mix for
15 mins.

Use 40 gals of grout to top up TW3l, and 60 gals to top up
TW33. Pump remainder into annulus of TW32.

Finish pumping cement.

Clean up equipment, rinse.out cement pump and tremie pipe.

DATE: 12/13/84

Added 154x2 gal pails gravel to bring level up to 56.9',
then added 9x%2 gal pails to 49.6' and 1/2 yd 9 bag grout to
fill to surface.
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WELL DEVELOPMENT - TW32

TW32 was developed on December 12th, 1984. One inch diameter tremie
pipe was initially set to 60 ft, but following 30 mins of airlifting reset
to 100 ft. The well was airlifted at a rate of about 2 gpm and remained

relatively clear during development. Chemical measurements of the discharge

water were taken during development and Stevens water level recorders moni-

tored water levels in TW3l and TW33 during developﬁent.

Elapsed

Time T C pH

(mins) °C {umhos/cm)
15 -1 475 7.68
30 -0.5 450 7.73 Tremle set deeper
40 0 1500 10.35%*
55 3 3100 10.49*
60 ' 4 2525 10.8%*

*Equipment may have malfunctioned due to extreme cold.

F = 0.30 mg/1

The water level in TW3l did not respond to developing TW32. The
Stevens water level recorder showed the water level in TW31l rising follow-
ing the drawdown induced by developing TW33. The water level in TW33 drew
down about 0.40 ft during the development of TW32 (see Chart 1 TW33).



TW 33

i) Schematic Test Well Completion
ii) Field Borehole Log

1ii) History of Hole and Well Development
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HISTORY OF HOLE

Tw33

D. Banton / M. Shaleen DATE: 12/05/84

Move and set up on TW33. Drilling 8"@ open hole.

Drilling to 7', pull out 8" bit, run 10"@ bit and ream out.

Drilling 10"@ from 7'. Bedrock at 2', damp at 22 ft - making
1 gpm at 25' from gravelly clayey zone.

Drilled to 27°'.

DATE: 12/06/84

Drillers try to start rig (extremely cold). Unable to start
900 compressor.

Allow rig to warm up.

Drilled 10"@ open hole to 35' - very little return due to
large hole and lack of additional compressor.

Pull out 10" bit and guide, set 8" casing. Total length
37.5', s/u about 2.5'.

Wait while WSU finishes logging adjacent hole.
Drilling 8"@ 35 to 49°'.
Lunch.

Drilled 8"@ to 75', hit cinder zone at 69' - increase in
water production.

Pulling out 8" bit and drill stems, depth to water 8.49 m
(27.85'), =-2.5"' s/u = 25' below ground surface.

Logging hole with Monsanto equipment - natural gamma, resis-
tivity and S.P.

Set 1x5' PVC 20 slot screen on bottom (73.7'); 8x2 gal pails
gravel to gravel pack well to 67.1 ft; 1x50 1b pail benton-
ite pellets to 64.9'. Following installations, depth to
water below top of PVC = 8.55 m (28.05'); depth to water
outside PVC in casing = 8.55 m (28.05').
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"GEOLOGIST:

deMe.

8:55
9:30

9:50 - 10:20

10:20 - 11:30

11:30

12:50

3:50

12:00
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HISTORY OF HOLE
TW33
D. Banton / M. Shaleen DATE: 12/07/84

Depth to water in PVC = 8.535 m (28.00'); depth to water
outside PVC = 8.56 m (28.08'), therefore upward head?

DATE: 12/08/84

Move and set up over hole. Run 1"¢ tremie pipe to 60'. Depth
to water 8.34 m (27.36"') inside and outside PVC - different

from December 7th.

Parsons cement truck arrives. 73 bags cement and 400 gals
water. Added 1/2 bag (12-1/2 1lbs) Flocele + 30 1lbs bentonite
powder. Mixed for 15 mins.

Cement pump frozen - thaw pipe.

Pump cement into hole - water seen cascading over steel
casing as cement displaces water. However, hole takes all
cement even though the quantity is 2 times volume required.

Move rig off. Cement feels about 12 m (39.4') below ground
level. Think much of cement moved up outside 8" steel
casing into overlying fractured zone.

Depth to water inside PVC = 8.36 m (27.42') / outside PVC =
8.32 m (27.29'); same datum.

Depth to water 8.25 m (27.06') inside PVC.

DATE: 12/09/84

Depth to water inside PVC = 7.815 m (25.64') / outside PVC =
8.41 m (27.59'). Depth of grout = 9.9 m (32.48') below top
of steel casing (2' s/u) and 30.5' below ground.
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GEOLOGIST:

9:00

Page 3 of 4
HISTORY OF HOLE
TH33
D. Banton / M. Shaleen DATE: 12/10/84

Sounded grout to 9.4 m (30.84') below top of steel casing
(2' s/u) = 28.8' below ground level. Depth to water = 7.77
m (25.49'). Added approximately 60 gals grout to annulus of
well when TW32 was grouted. Grout about 2' below surface
when completed. Cut 8" steel casing to ground level.
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WELL DEVELOPMENT — TW33

TW33 was developed on December 12th, 1984. One inch diameter tremie
pipe was set to a depth of 60 ft and the well airlifted at a rate of 10 gpm
for about 1 hour. The water was stained slightly brown at the start of

development, but cleared up. Chemical parameters of the discharge water

were measured during development and Stevens recorders monitored the effect

of development on TW32 and TW3l.

Elapsed
Time T C pH Eh
(mins) °C («mhos/cm) (Mv)
8 8 300 8.78 =29
20 7.5 490 7.8 +20
35 7 525 . T.65 67
48 6.5 525 7.68 131
60 6 525 7.67 101

F = 0.275 mg/1

‘The water level in TW3l drew down 0.17 ft during the development of
TW33 (see Stevens chart for TW3l - Chart 1). The water level in TW32 ap-
parently drew down about 4 ft during the same period; however, the Stevens

recorder did not appear to be working well at the time.
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TW 34

1) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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GEOLOGIST:

11:30 - 12:00
and
12:45 - 1:00

1:00

6:00

7:50
9:10

9:15

9:25 - 11:45

11:45 - 1:00

1:00 - 2:00

2:05

3:10

Page 1 of 4
HISTORY OF HOLE
TW34

D. Banton / M. Shaleen DATE: 12/10/84

Move and set up over hole.

Start drilling 10"¢ open hole. Encountered silty clay at O

" to 3', basalt at 3 to 4', silty clay at 4 to 8', weathered

basalt at 8 to 10', and fresh grey basalt - very strong - at
10 to 35'. Drilling progress very slow due to extremely
strong rock - cuttings damp at 25' and some water at 27°'.

Finish drilling at 35°'.

DATE: 12/11/84

Started drilling from 35' 10"@ - ‘entered cinder zome at 43',
loose, scouriaceous, making in excess of 100 gpm, probably
200 to 300 gpm..

Drilled to 47' still in cinders, hole open to 46-1/2'.

Pulled out drill string.

Setting 8" casing in hole. First of all set casing to 47'

and continued drilling open hole, but cinders till at least
56'. Therefore, pulled drill string and added more casing.
21'4" + drive shoe + 21' + 6' + 13' = 61'4" total 8" casing,

cutoff 2'6"; s/u = 2'.
Lunch.

Using downhole hammer to vibrate casing to approximately
56-1/2' - steel plate falls into hole plate = 2"x6"x1/4" -

subsequently drilled out.

Started drilling open hole from 57', appears to be cindery/
vesicular basalt through to 66' — thin fresh basalt layer 1'
thick. Another cinder zone/weathered basalt sequence 67 to
71,

Becomes harder drilling at 71 to 74' (fresh basalt).
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GEOLOGIST:
3:10 - 3:45
3:45 - 4:30
4:30 - 4:50
7:30 - 8:15

8:15 - 9:55

9:55

11:30

11:30 - 12:15

12:15 - 12:30

12:30 - 1:20

1:20 - 2:30
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HISTORY OF HOLE
TW34
D. Banton / M. Shaleen DATE: 12/11/84 (Cont'd)

Wait for DB to run fluoride analyses on ground water samples
- pull out drill stem at 3:10 - 3:30

Depth Fluoride Monsanto
(ft) (mg/1) Analysis
41.5 1.88
46 3.6
47 3.4 3.55
68 3.9 3.9
74 4.0 3.85

Log hole using natural gamma and resistivity tools.

Drillers standby while DB calls Vancouver to discuss hole
completion.

DATE: 12/12/84

Run casing cutter to 30', preséurize and rotate for approxi-
mately 15 to 20 mins.

Set 5' screen and 4x20' blank PVC pipe to bottom of hole.
Screen = 74 to 69'. Gravel pack with 6-1/2x2 gal pails
gravel at 73.9 to 67.5', and add 100 1bs bentonite pellets
at 67.5 to 64.1'. Run 1"¢ tremie pipe to 60' and set up for
grouting.

Wait for Parsons cement truck to come.

Truck arrives with 50 bags cement and 275 gals water. Add
12-1/2 1bs Flocele, 30 1lbs bentonite and mix for 10 minutes.
Pump grout into borehole annulus. After pumping, could not
feel any grout in borehole.

Pull 1" tremie pipe and rinse out cement mixture.

Lunch. Sound grout (?) to approximately 19 m (62.3') -
2-1/2', therefore may have filled up about 4.5' of annulus
with grouted.

Pull 8™ casing, pull out 20'1" of 8" casing. This should
leave approximately 10' of surface casing and casing between
30 and 50'. After casing pulled, hole sounded to 14.9 m
(48.9'). Added 2 yds 9 bag grout, sounded to approximately
15 m (49.2'). Grout probably disappearing into cinder zone.
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GEOLOGIST:

1:10 - 2:00

Page 3 of 4
HISTORY OF HOLE
TW34
D. Banton / M. Shaleen DATE: 12/13/84

Decided to fill up borehole to top of cinder zone with gra-
vel then cement up to the surface. It is likely that since
all the grout disappeared through a zone where supposedly
casing should be, the casing, although cut, did not separate
at 30. Instead, pulling back the casing 20' exposed the

"grout to the extremely permeable cinder zone. The grout thus

sept away.

Back fill from 48.7' to 34.4' with 120x2 gal pails of pea
gravel.

DATE: 12/14/84

Cemented to surface with approximately 1/2 yd 9 bag grout
(sand/cement mixture).
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WELL DEVELOPMENT - TW34

TW34 was developed on December 13th, 1984.

Page 4 of 4

One inch diameter tremie

pipe was set to a depth of 60 ft and the well airlifted. Due to the slow

recovery of the well, the air was turned off and the well allowed to parti-

ally recover before being evacuated for a second and third time. Chemical

parameters from each slug of water were measured.

Elapsed
Time T C pH F
(mins) °C («mhos/cm) (mg/1)
2 6 675 8.64 3.8
15 6.5 650 9.05 2.4
8.55 1.35

30 6 600

No measurable drawdown was recorded in either TW19, TW20 or TW2l during

development.
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TW 35

1) Schematic Test Well Completion
i1) Field Borehole Log
1ii) History of Hole and Well Development
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GEOLOGIST:

3:05

5:45

7:50

8:30

8:30 - 10:00

10:00 - 11:00

11:00 - 11:40
11:40 - 12:10
12:30 - 1:;5
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2:50

3:23

3:53

5:10

5:10 - 7:10

Page 1 of 5
HISTORY OF HOLE
TW35
D. Banton / M. Shaleen " DATE: 01/28/85

Started drilling 10"¢ open hole. Encountered overburden at
0 to 1', basalt at 1 to 1.5', overburden or weathered basalt
at 2.5 to 5', weathered basalt at 5 to 12.5', sandy silt,
weathered basalt, brown/black at 12.5 to 23', and fresh grey
basalt at 23 to 35'.

_Stopped drilling at 37-1/2'. Becomes damp at 32', makes

water at 35' - about 5 gpm. F = 1l1l.1 mg/1.

DATE: 01/29/85

Restart drilling from 37.5' @ 10"g open hole. Hole starts
to cave at 39' - probably from loose material between 12 to

23' is washed out by water.

Pulled out rods. Depth to water = 6.3 m (20.67') below
ground; hole caved to 7.5 m (24.5').

Drillers go to fill up fuel truck, collect new bit.

Drillers pick up 10" casing from yard with help from Monsan-
to.

Change 12" bit on reaming tool.
Reaming 12"¢ 0 to 25/26°'.
Lunch.

Set 24' of 10" casing, s/u about 1.5' therefore casing set
to about 22.5'.

Drilling 10" open hole (cleaning out cave materials).

At 40' not much water due to cave in borehole.

50" change from fresh grey basalt to cinders — water flow
increases from 5 gpm to 100 to 200 gpm. F at 50' = 10.8
mg/l; F at 55' = 10.9 mg/1l.

Drilled to 56' still in cinders, pull out to set up hammer
to drive 8" casing.

Set up hammer, weld on 8" drive shoe to casing.
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GEOLOGIST:

8:45

11:30
11:50

12:40

5:50

10: 00
11:25

11:40 - 12:15

12:15 - 12:45

Page 2 of 5
HISTORY OF HOLE
T35
D. Banton / M. Shaleen DATE: 30/01/85

Welding 8"¢ casing, then set in TW35 - 59'3", of which 2'6"
is s/u, set casing with downhole hammer, casing set to about
56'6".

Drillers picked up oxygen and acetylene tanks at supply
truck.

Lunch.

Restart drilling 8" open hole at 56'. Change from cinders
to fresh grey basalt about 56'6" - with water flow from well

only 1/2 to 1 gpm.

Continued drilling 8"¢ open hole till 128/129'. at 76'6",
water flow increased to about 5 gpm within sand and cinder
interval. Changed back to basalt at 82' and continued till
124" (at 88 to 90' water flow. increased to 10 gpm), 2' of
clay, 126 to 128/129' changed back to basalt - water flow

increased to about 20 gpm. Water samples - from 81' F =
0.48 mg/1l; from 122' F = 0.45 mg/1l.

DATE: 02/07/85

Moved back over TW35 preparing to grout up hole. Run 1”@
tremie pipe to 125' below ground level.

Cement arrives - 15 bags x 5-1/2 gals water, added same ben-—
tonite powder and Flocele, mixed for 15 mins.

Pump grout 1into borehole.

Clean up equipment, pull out tremie pipe, move rig off hole
and allow grout to set up.
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10:00
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11:25

12: 05

12:55

2:50

3:20

3:45

4:10 -

5:00

11:25

12: 05

12:55

2:50

Page 3 of 5
HISTORY OF HOLE
TW35
D. Banton / M. Shaleen DATE: 02/11/85

Sounded depth to grout = 31.85 m below 2' s/u = 104.5' - 2'
= 102.5' below ground.

Run casing cutter to 40', pressurize and rotate inside 8"
steel casing. Steel casing “pops” up when cutter pulled out
of hole.

Add 6x5 gal pails gravel to bring hole to 95', 3x50 1b pails
bentonite pellets to 89' and 4.6x5 gal palls gravel to bring
hole to 83.4°'.

Lunch.

Set 2x5' 20 slot PVC screens at 83.4 to 73.4'; set 2x20 and
4x10' blank schedule 40 PVC to surface; use teflon tape on
threads and centralizers. Gravel pack screen to 71.3' below
ground with 5.6x5 gal pails gravel. Add 50 1bs bentonite
pellets to 68.1°'.

Try to pull 8" casing out of hole - pull about 3' and sound
hole ~ hole open to bottom. Decide to leave 8" casing in

hole till after grouting.

Order cement from Parsons. 60 bags with 330 gals water. Run
tremie pipe to 60' for cement.

Cement truck arrives. Add 12-1/2 1bs Flocele + 1/2 bag ben-
tonite powder, mix for 10 to 15 mins.

Started pumping cement. Approximately 5 mins pumping then
cement pump cracked under pressure. Disassembled pump and
pulled tremie pipe from borehole. Remaining cement taken to
Tw38.

Drillers left site.

o
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GEOLOGIST:

2:00

2:05

2:25

3:15

3:20
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HISTORY OF HOLE
TW35
D. Banton / M. Shaleen DATE: 02/13/85
Order cement from Parsons — 50 bags and 300 gals water.

Sound grout to 53.97' below ground surface. Depth to water
inside 4" PVC = 8.605 m (28.23'); outside 4" PVC = 8.84 m
(29.00'). Therefore, seems first load of grout sealed lower
well from cinder zone.

Run 1"¢ tremie pipe to 40'.

Cement arrives, add 1/2 bag (12-1/2 1bs) Flocele + 30 1bs
bentonite powder, mix for 15 mins.

Started pumping cement, pumped approximately 1/2 load in
TW35. Cement should fill hole but probably being lost in
cinder zone around casing cut.

Pull out remainder of 8" pipe, i.e. 40'.

Move off hole to TW39 to use rest of cement.

DATE: 02/14/85

Sounded grout to 14 m (45.9'). Added 1/2 yd 9 bag grout and
sand, followed by 1 yd of 8 bag grout and sand mix to fill
borehole to surface.

& 4
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WELL DEVELOPMENT - TW35

TW35 was developed on January l4th, 1985. One inch diameter tremie
pipe was set at a depth of 39 ft and the well airlifted at approximately 1
to 2 gpm for 1 hour. Chemical parameters of the airlifted water were mea-

sured during development. Stevens water level recorder monitored the res-

ponse in TW39.

Elapsed

Time T c pH

(mins) °C {4mhos/cm)
10 6 1175 7.46
25 6.5 1250 - 7.49
40 7 1250 7.55
55 7.5 1300 7.55

F = 0.33 mg/1

No response was observed in TW39 during development of TW35.
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i) Schematic Test Well Completion
ii) Field Borehole Log

i1{i) History of Hole and Well Development
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GEOLOGIST:
3:25

4:16
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4:40

5:15

7:50

9:49

9:50

9:50 - 11:00

11:00-— 11:45
11:45 - 12:30

12:30 -~ 2:00

1:53

Page 1 of 3
HISTORY OF HOLE
TW36
D. Banton / M. Shaleen DATE: 02/01/85

Started drilling TW36 10"¢ open hole.

Drilled 10"¢ to 21', overburden 2' then weathered basalt to
18', fresh grey basalt to 21'.

‘Pulled out 10" bit, set 21'6" of 8" casing in hole to 21'

below ground level.

‘Restart drilling at 8"¢.

Stopped drilling at 28/29' in fresh grey basalt.

DATE: 02/02/85

Started drilling 8"@, picked up trickle of water at 41°'.
Very little return, probably due to the fact that the 900

compressor was not used. Water sample from 47', F = 11.5
mg/1.

Drilled to 51' through fresh grey basalt. At 51 to 53' en-
countered cinders, no water made but driller managed to 1lift
water sample from hole = F = 13.5 mg/l; encountered fresh

grey basalt at 53 to 54°'.
Stopped drilling.
Drillers fixing wrench.

DB and MS log hole for natural gamma and resistivity.

Lunch.

Completed well. Set 3x20' 4" blank PVC + 1x5' 20 slot screen
in hole; 2 centralizers. Could not use teflon tape on joints
due to cold weather. Screen set 54 to 49', gravel packed
with 8%5 gal pails gravel to 47.8'. 1x50 1b pail bentonite
pellets to 44.9'.

Depth to water = 8.23 m (27.00') below PVC pipe.
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GEOLOGIST:

. 4:00

4:45

Page 2 of 3
HISTORY OF HOLE
TH36
D. Banton / M. Shaleen DATE: 02/13/85

Move back over TW36, run tremie pipe to 40'. Pump cement re-
maining from TW35 and TW39 into hole. Estimate approximately
10 bags + 60 gals water pumped into hole with bentonite and
Flocele (see sheet for TW35 for grout mix).

Finished pumping, moved off hole.

DATE: 02/14/85

Sounded grout to 8.8 m (28.9'). Added about 1/2 yd 9 bag
cement sand mixture to fill hole to surface.
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WELL DEVELOPMENT - TW36

TW36 was developed on February 12th, 1985. One inch diameter pipe was
set at a depth of 39 ft and the well airlifted at a rate of 5 to 8 gpm for
30 mins. The water was clean. Chemical parameters of the airlifted water

were measured during development.

Elapsed

Time T C pH

(mins) °C f. mhos/cm)
5 9.0 1025 6.85
28 7.5 1010 6.86
40 8.5 1010 6.89
50 8.0 1000 6.90

F = 11.2 mg/1
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i) Schematic Test Well Completion
ii) Field Borehole Log
i1i) History of Hole and Well Development
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GEOLOGIST:
1:15 - 2:40
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3:55 = 5:25
7:40 - 12:05
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Page 1 of 3
HISTORY OF HOLE
Tw37
D. Banton / M. Shaleen DATE: 02/04/85

Move and set up at TW37.

Drilled 10"@ to O to 21'; overburden at 0 to 5', weathered
basalt at 5 to 13', fresh grey basalt at 13 to 21°'.

"Set 8"@ casing to 21', s/u = 1'6".

Drilling 8"¢ open hole 21 to 49' - fresh grey basalt.

DATE: 02/05/85

Drilling 8"¢ open hole 49 to 102'. Fresh grey basalt to 95',
then fractured basalt and cinders at 95 to 102'. Loose cir-
culation of cuttings at 95'. Hole dry until 95', water level
= 65.4".

Drillers take lunch and repair hydraulic hose.
Replace hydraulic hose.

Pull out rods.

Log hole with Monsanto logger, natural gamma and resistivi-
ty. Hole caved to approximately 100'.

Complete well, set 1x5' 20 slot PVC screen + 5x20' blank PVC
4"® in hole; 3 centralizers. Screen set at 100 to 95'. Gra-

vel packed with 17x2 gal pails gravel to 100 to 93.4"'; 2x50
1b pails bentonite at 93.4 to 86.7'.

DATE: 02/13/85
Move rig and set up on TW37, run 1" tremie pipe to 80'.

Move mixer to site.
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GEOLOGIST:

7:45

9:00

10:10 - 10:30

Page 2 of 3

HISTORY OF HOLE
837
D. Banton / M. Shaleen DATE: 02/14/85

Ordered 40 bags + 260 gals water from Parsons.

Cement truck arrives. Add approximately 6 gals volume ben-
tonite and 5 to 7 lbs Flocele to cement mixture ~ mixed for
20 to 25 mins. Started pumping but could not pump cement
into hole. Pulled out first tremie pipe from top and then
pumped cement from 60°'.

Cleaning out tremie pipe and mixer.

DATE: 02/15/85

Sounded grout to 13.8 m (45.3') below surface.
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WELL DEVELOPMENT - TW37

TW37 was developed on February 12th, 1985. One inch diameter tremie
plpe was set to a depth of 80 ft and the well airlifted at a rate of 2 to 3
gpm for 1 houf. The water was dirty brown at the start of development, but
cleared up. Stevens water level recorder monitored the response of TW5
during development. Manual depth to water measurements were taken on TW6.

The chemical parameters recorded are given below:

Elapsed
Time T C pH
(mins) °c (wmhos/cm)
9 9 1775 6.94
25 9 1650 6.95
40 9 1650 7.04
60 8.5 1650 7.09

F = 21.5 mg/1

The water level in TW6 drew down 0.03 ft, while no detectable response

was seen in TW5 during development.
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1) Schematic Test Well Completion
ii) Field Borehole Log

iii) History of Hole and Well Development
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HISTORY OF HOLE
W38
D. Banton / M. Shaleen DATE: 02/05/85

Move and set up at TW38.

Drilled 10"¢ open hole O to 15', encountered slag at 0 to
2', silty clay at 2 to 10' and fresh grey basalt at 10 to
15'.

DATE: 02/06/85
Warm up rig. Set 10' 10" casing.
Drilling 10" open hole 15 to 42' through fresh grey basalt.

Pull out 10" drill stem, drillers go to pick up 8" casing.

Set two lengths of 8" casing - total length = 44°'. Cut off
3'3" and set casing at ground level, therefore casing set at
41'9".

Lunch.

Drillers fetch fuel truck.

Drilling 8“@ open hole from 42 to 102'; encountered fresh
grey basalt at 42 to 55', red/brown silt at 55 to 57', wea-
thered basalt and silt at 57 to 71', fresh grey basalt at 71
to 88', cinders and water at 85 to 100', and fresh grey
basalt at 100 to 102'. Water hit at 88' - hole makes 5 gpm
by 100'. Fluoride analysis from 97' - F = 1.08 mg/1.

Pull out 8"¢ drill stem. Depth to water = 25.8 m (84.64"')
below ground level.

DATE: 02/07/85

Log hole using Monsanto logger, natural gamma and resistivi-
ty.

Set 10' 20 slot screen (2x5' lengths) and 4x20' blank 4"¢
PVC pipe and 2x10' blank 4"¢ PVC pipe. Gravel pack screen
with 11x2 gal pails gravel from 10l1.5 to 89.9'. Add 100 1bs
bentonite pellets 89.9 to 86.1'.
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HISTORY OF HOLE
TW38
D. Banton / M. Shaleen _ DATE: 02/11/85

Depth to water outside PVC approximately 85' (i.e. 1-1/2’
water in hole). Add 3-1/2' of fine cuttings to borehole on
top of bentonite. Pour approximately 200 gals cement slurry
into hole (no water in hole) - 40 bags + 12-1/2 1bs Flocele

"+ 50 1bs bentonite powder. -
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WELL DEVELOPMENT - TW38

TW38 was developed on February 12th, 1985. One inch diameter tremie
plpe was set to a depth of 102 ft (bottom of the well) and the well air-
lifted at a rate of about 1/2 gpm. The water was clear. There are no other
wells at this location. The chemical parameters of the airlifted water are

given below:

Elapsed

Time T C pH

(mins) °C {wmhos /cm)
11 4.5 575 7.23
20 3.5 525 7.26
35 3.5 550 7.31

F = 0.62 mg/1



i)
ii)
iii)

TW 39

Schematic Test Well Completion
Field Borehole Log

History of Hole and Well Development
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HISTORY OF HOLE

W39
GEOLOGIST: D. Banton / M. Shaleen DATE: 02/02/85
12:45 ' Set up to drill TW39.

12:45 - 2:00 Lunch.
2:00 - 2:30 Drillers cleaning up cardboard at trailor.

2:45 - 3:32 Drilling 10"¢ open hole 0 to 23'. Encountered brown silty
clay at 0 to 1', fresh grey basalt at 1 to 4', slight to
moderate weathered basalt and some silt at 4 to 12', fresh
grey basalt at 12 to 14', red/brown moderately weathered
basalt and silt at 14 to 22', and fresh grey basalt at 22 to
23",

3:32 - 3:52 Set 8" casing to 23'.

3:52 - 5:33 Drilling 8"¢ open hole 23 to 46-1/2', all fresh grey basalt.
Cuttings damp at 32', but hole does not make any water.

DATE: 02/08/85

7:30 - 8:35 Drilling borehole 8”@ open hole 46-1/2 to 57', hit cinders
at 51 to 46' — 75 to 100 gpm - fresh grey basalt at 56 to

57'. Fluoride sample from 55' = 8.0 mg/1.

8:35 10:00 Logging hole using natural gamma and resistivity tools.

10:00 - 12:00 Set PVC - 5' screen 55~1/2 to 50-1/2' 4"¢, 4" blank PVC to
surface. Gravel pack screen to 47.9' with 20x2 gal pails
gravel - 100 1b bentonite pellets 47.9 to 42.5°'.

DATE: 02/13/85

3:20 Moved back over hole. Ran tremie pipe to 40'. Pumped about

20 bags with 120 gals water + bentonite and Flocele into
borehole - hole overflowed at surface with grout. (Mixture

taken from delivery for TW35.)
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WELL DEVELOPMENT - TW39

TW39 was developed on February l4th, 1985. One inch diameter tremie
pipe was set to a depth of 39 ft and the well airlifted at approximately 20
to 25 gpm for 1 hour. A Stevens water level recorder monitored the response

in TW35. The chemical parameters of the airlifted water were measured dur-

ing development and are given below:

Elapsed
Time T C pH
(mins) °C {pmhos/cm)
5 5.0 1010 9.40
23 3.5 950 8.16
40 - 6.0 1010 7.84
60 6.0 1010 7.69

F=29.7 mg/l

TW35 showed no response to the development of TW39 (see TW35 Stevens
Chart #1). TW20, approximately 350 ft east of TW39, drew down 0.015 ft

(see Stevens Chart #10 = TW20) over the same period.
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TW 40

i) Schematic Test Well Completion
ii) Field Borehole Log
1i1) History of Hole and Well Development
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GEOLOGIST:
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Page 1 of 2
HISTORY OF HOLE
TW40
D. Banton / M. Shaleen DATE: 02/17/85

Set up to drill TW40 - allowed rig to warm up.

Drilling 10"¢ open hole 0 to 22' - silty clay (moist), bed-
rock at 22°'.

Set 8" casing to 22' (no shoe), casing is 23'6" long.
Drilling 8"@ open hole 22 to 35'.

Drillers pick up 900 compressor to help blow out hole.
Drilling 8"® open hole to 82'.

Drilling 8"® open hole 82 to 89'; encountered fresh grey
basalt at 22 to 35', brown sandy silt at 35 to 45', fresh
grey basalt at 45 to 56', sandy silt at 56 to 56-1/2', fresh
grey basalt at 56-1/2 to 63-1/2', sandy silt at 63-1/2 to
64', fresh grey basalt at 64 to 84', and cinders at 84 to
89'. Hole dry until 84' — makes 3 to 5 gpm at 89'. Fluoride
measurement, F = 11 mg/1.

Log hole using natural gamma and resistivity tools.

Set 5' 20 slot PVC screen 89 to 84'. Blank PVC to surface.
Gravel pack borehole with 12x2 gal pails gravel to 82.2' +
100 1b bentonite pellets to 76.9'.

Grout in PVC with 1 yd 9 bag grout delivered by Parsons, set
protective steel casing. :
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WELL DEVELOPMENT - TWw40

TW40 was developed on February 17th, 1985. One inch diameter tremie
pipe was set to a depth of 89 ft (bottom of well) and the well airlifted
for approximately 30 mins. The well yielded 1/2 gpm of water or less and
was red/brown in colour. Two water samples were collected during develop-

ment:

Elapsed
Time T c pH
(mins) °C («mhos/cm)
13 9 3450 , 7.01
30 5.5 3275 7.13

F = 11.0 mg/1

Development stopped since only a very small amount of water (<1/4 gpm)
was being blown from the well. The well recovered to within 3 in. of the

original static water level within 25 mins of development ending.
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APPENDIX E

GEOLOGICAL PHOTOGRAPHS



PLATE 1

PLATE 2

Typical fault bounded graben type depression north of
Soda Springs.

Typical exposure of massive basalt. Notice near-verti-
cal and horizontal jointing pattern and blocky nature
of basalt.

Golder Associates



PLATE 3 Close up of massive basalt. Notice
vertical jointing and vesicular
nature of basalt.

PLATE 4 Columnar basalt exposed at the edge of a flow or along

fault plane. Note open work nature of fracture system.

Golder Associates



PLATE 5 Salt Lake Formation - sandstone
and conglomerate at NE 1/4, SW 1/4,
Sec 42, T10S R42E

PLATE 6 Salt Lake Formation — tuffaceous sandstone exposed at

NW 1/4, SE 1/4, Sec 3, T10S R42E.
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coell scceen - T4 coelllbore dqmojc /s 5fjn,~£7<—cn-t , 5/.aj
Yests coosetd tend do undecestimate the dronsmissividy of 7he
undistucbed fotoation. Since detasled clr."l/:'nj recorJS ele potl
avarlabole o e pre-existing woells | /L con o-l be
detecmined ¥ coellbore AQWj.: may have had o significont
efed on sk tests condocded in Ted-4 ond Taws-& .

MGO.SU(Q ble d‘focuc\‘»oouﬂs occercCed in all coeses c._,Lje(‘Q_

axz‘{‘e( (eve(s caed e monf{o(eci mn o oan qcfjocen’t ‘fes’t a-\C"//
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dura‘nj Pom/_)fﬂj- Since « J‘oce/w't coells wee QOMP/Q‘{'CJ- at E
difecent Aep‘l‘)s fow the pumprne csells  +his /s snfecpreted |

+o indicate 'flna{ P F j ’ . . F . Q
Corrﬂ'ninj units have Jum'c:b/vrf(] h-slm witetdteasedh k)/dfca(,‘c bl
cor)dac;,'v,'-l] 4o a//oc-_\ a vecdicall hddfoc/.{lt response w/:f'l\"v\ -/Le
-“me '((ame. oF —IL;e +e.s+5. Im ac{c‘n-\l—:bn, J_—Ocob Sem:'/c-j ond E}
_/Tvet's (@navu] flo‘t's {or¢ 7S and 7 Shoco c[)o(cc“e(fs-‘-'cs
which coutd be indicative of o7uf-/é( /a:l«:jc. 77>u5/ ;1 s g[
{:‘ke[), ‘rLaf a cectern c‘ej(ee_ of vecficeeal lea_kcjc (i.e., sem{con-ﬁ’nemen't@[
exists in f‘l’)e lryd(olojv‘c vshgm at 7he s:te. It shooid be ] |
ﬁo'{cc‘ ) (noooeve(‘, 'l“)cz‘l‘_ a_\a+c( level q’es‘oooscis mn adJ'ocen{, -'f'(st me//s [
oca/CJ b(’ Ex lthﬂed b\ m (ope(‘l cof)S‘huc"cd bo(e(nole Sea (S onc( |
'Tlvmit c(ha(af:‘f‘c(fsh'csj o'(‘P )’ ’
-fOu 76«_\‘57 7 dc.:{’c: P{o+5 coc Id be ceesed b)r 'QC.JD(S o‘/‘L.c( '/AOVL

leakcsc_ (e.j.’ lqjd,(olojt’c bounJ¢(l'C’.5)-
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F.2 Apalysis of Mauibiple Borehole THodwction ciell Test

The Sada Spcings Plaot decives fo esatec sopply
ftom thece high ca'oac.'-f), ‘orodudfov\ caells . Tn 3“”“‘_'
sne of the plont eells /s pumped contmwously | one pumped
intecmitlontly, | and one left idle 4o secve a5 beckop. High
capoccly peumpiog of the plonl cuclls cesctts in a loige scale
pectucbation to the giound woatec floos systewn. Analysis of
this cesponse can Po"‘eﬁ«‘("l‘q[{/ F(ovicle, : lcrse, - scale

de(ca(ﬁc_ Fo(c;me{‘c_( vQ{ues 501'-/ab{c_ -Q( 7uqn-’>ff('cc\‘[‘<bv\ c.f a

5("’& CG\OC@P%UQ( -clco._) mode|.

£, T
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27 ’\-‘ s, On J&b' 3'! 19?‘/1 wetee level nronidor -‘nj No-s con duc)cd lfg [

Plon‘t p(oducj.‘or\ wells Pco- , Ped -2 and Ped-3 Ho determine
f ‘njclfaal.'c (espanses due to permpiog cowtd be mecsu.(ecl
and cmquzec!. At. that 4imne , Pad-3 coes be-'nj pomped
con-l(nc/ouslj . Pald-2 cxs pornped l'nfermi#cnﬂj , and Pw- 4

ces dle. ater level mecswure menTs cocce talkkem cor?de on

e(ec)ﬁ'c P(obe af)c‘ re‘(e(en"ccé -’>o on cr'b,'-/'(cfy Mecso(.'nj ’Dorl\j'

at cocl cell. | _ i
Totecmiffent Fc(m,o-'nj at Ped-2 cses manitored 3¢ zn

HS minades | ducing exhich | she pump wos operated hice au |

times . The ducation of pemping perieds renged frow

6.13 4o 6. 23 minctes and dutation of nonpum,o(nj al

poriods (onged fiom 782 4o s0.07 minutes. A choct gl

(ecorder | installed by Monsarte do menitor pump aperation

I.ﬂ.él.("o-\'ecl the t pomp on yez Segeuerces coale vely (c’.joclo( ﬁl

thicosh time . Pad= 2 coos epurpped worth o totalizing Ll I

e tes . Rc’ac(.'njs te kem be fote and o ‘F’{.@( o c['\ ,Oampv'ﬂj _Fer«bd %
e ACle uSé’c‘ “‘o <a 'Cu'a‘(’t QVe(Cje ‘r—'/oo-‘) (q“‘c.s . F//om ro.:‘te5 du(.'ﬂj I
‘I‘LC ‘fl\(ce f?umﬁv'nj ,oe(:bds Ca ngec{ {eom & 74 4o & S ae™~, oof'fl\ ) ﬁ I

a calcalated qve-(oje of ES | apee- An a?‘{empt c>es made Ho %I
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measwure wxater levels o P23-2.. 'c)fp-f;dund_clj";—i(;\;;g}_;";f‘ ;T
on +°P -f fl"e cosates CO)a;me cecused -f{ne c‘ed’f‘_-'c Plobc +o -

mal oo a So T’L)a{ No AW%/W meos_c;fcmer;+$ coeid . b.c;
obtained. | | “ -

Da(.ﬁk -to - a-sa;&c( ~Meesa(e m¢n+$ a-_\cfe,_ ta ke 'Ca(‘ P Bo<jt
SO minctes n Pud- 3R , cshic QCCorc{.‘nj +o Monson’fé

(C’Co(c‘Sl hac‘ bew quped Coh'},‘nuaus[] -gf man] @ceks_

BN BE mm E am

Su‘néc a f/ooq m¢+e( e S oof /'05+a//ec( on POQ‘B/ averca@

e

flocs cates cocld noL be ca/Cc,Jc:’recl. As Pels -2 pumped

can-“ﬂuoas\lj ' clepr(\ 4o - coater messwrements cocie made at

onNc mina‘*‘e lAn{'c(vcclS. - é&)aj‘e( le\/c{.s coel e, obsefvécl +a f/uC'fuc‘.ea

bj apboult ©.3 fed , bet f‘lwe 4/m,'nj of flucheations did not

a =m =

appeal Yo coctelate coith the Seguence of Fump:’nj ‘n PO 2.
.Iﬁ S 'a(obo.(o‘c TI’)ct a.)a;*c( le\/el -F/uc_;‘uq"'tbhs coele Caaseel
bj 5Ma'l var:'ac{--z}os " f‘ve POL}’B Pum'ofnj (q"‘(‘_. 50'&[)\ vcf/'a“‘l:or)s

7 have been :
lﬁ cocid A ceersed bj pocnel 30(365 =T c,aonjes " bGC‘(—P/GSSU(C

'G eoithin the c{fsdno(je p:Pe

Iﬁ P4 (located &Il feed from Pu3-2) cocs rdle ducing

"'L)f moﬂl"}‘o(l.‘nj F?(u'oé ., A5 a f("5c//t ) PO\]'I coutd be (‘/Scd -

G5 an obsetvation coell 4o mecsuie '/Ae "ydf'cufu‘c response
IQ (P&ul'{,‘nj fon Fumpc'nj of +the other fedo P(oclvcjl'ov\ a_\(?//S_.

r? (o tec leve' monn"“o({ncj e S Qor»cluc_}cd n Pwly- 4 for ~o m:‘nu‘l‘c’sp
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it depth o~ coatec messurements dakew ot ane minute
intervals . Fortunately | o control signal in the P-1 pomp house
indicated execdly asbem the P32 pump coas turned on ond
ofF. These dimes cuere sccerately cecorded during esater level
vv'onl'\(o(:ﬂj a3 Pw-1 - A coatec level hJcl(oS o_r;k for the
Pud-L obsecvation cuell is shewsn /o Figure F-19. The
shape of the ‘U"‘“’J“'Pk Dusjes"s a chertectecistic a?u,-r"u

(e;Ponse due +o [ﬂ‘l‘ermiﬁant Pumf);nj o"F /‘3@"2.

de(aa(l'c (esponse at Pes- 4 , due do mdsesibeect Pe-2
pumping | 05 éna{yzcd using otendard a7;,‘{2:r test +€ckn"?ué--s.
To ocdec 4o opply these methods | 4 c3as  csscmed vhat
the hydiealic response celated 4o condincous ,Oumlofnj et P-3
had cchieved steady ~state conditions. This ossemption wes
ceosanalle | considering the lemgih of +me thal PLI-3 bhad beem
pumped prioc 4o Tuly 3lst . A conseguemce of #his essumption
w5 that all coalec level c,hcnjes_ in Fed1l cocrd be
atfe cbcted solef]/ to +he soperimposed efcods of Fom,or'nj ot Pd-2.
?QM\D ‘}e‘st conditions are shoeon cl.‘oj(aWWc4c‘ca//] e Ff'jure_
F-2o. .‘:{yd(aa.‘fc dicandocan (5) cocs celewlated assum,‘nj- a
stalic depth-to- coatec of /100.76 ft. This static level
Cepresemts the position of the steady -stale cone of depression
deee o loumpmj in PeS-3.

D P N

v

1 r 2 r

]

C

M
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Lheis —E/PC - Ceive Anclysis Nalues of _4-(onsm./'.ss-‘vf.7.f7 and

[

o+o(a‘\-(w‘-(_y cocte calcwlate d bosed on the Thers (/935) type -

L

cutve method. To FerQ(M the o.na.-lj.s»‘s' , . lc;s'ar.‘f'(a&\(c PI;‘t :
Ig of desesdocon (S) vs. pumping time (t) was cons+«u-d¢4,

25 showwon (n ﬁju(c F-21. To increcse the numbec of detdoa
points | data from three pumping perieds caete . /naluded

lg on the same plot. The rc’suhl,‘nj data Plot 2005 then 3uperim'oosécl
Iﬁ on a Theis type - carve of the same scale . cohile /<¢e,o-‘nj

the coordinate axes Fch//e/, the data plot s drensiated
bocizantally and veckically wntil the pasition of the Theis ceclve.
best £t +he data. AL any afbf‘l’(o(j matele pornts, +he
Pollowsing values were abtained :

.' *
78 Bl R

/ ]

‘I n wohete 3T and ¥ ace dimensian less parame'fe_(s cle-C'm.‘nj

‘l'&\c +< e -caflfve and 5* and t* wele Arfcerdocarm - "‘I'MQ
J e

IB values obtained {rom the data ‘o(ot_ Wonsm:'ss:‘v:‘—{y (T)
IE was C‘a'Cu{a'}ec‘ c,l\sfnj #/)C -[és//oa_)l‘nj e?uq-'}(‘o,\ :
|ﬂ T = Qs (3)

J oS s

E tHhete

. &, = 'oumpn'nj d—':jCB\O(je rGL+€, (O.'t Pa)"2>

U For caleclats Grmed hetein a Flows rate of €8I
Id of calcwlations IOC( rme efein. « oy faTe o gp™~

piar ot atac
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wWas assumed . 5+o(<&+(‘vl“{7 «as calcwlated as £ Howss .
2 |

eShere
C = cadial distence {coem pumpinj to
obselvation coetl (& 11 £t )
As shecon in H;ju(e, F-21  +4eso Po;s.‘b‘e +/pe ~cecve
matches (A and 13) coefe considefed. T4 ;s {ett fl)a{. 'f/)e

fonge G‘( 4(onsm-'ssiv:4] cnd $+o(a.+fv:"f/ velues ob+c-'necl Gom

+£\c feNa Ma"ckes \se(ved- +o bound +L)c ana&St's-

JAcoa Semn"Oj and Thers Recovery Anzlyses A Jecob
7 7

5@0‘;.‘103 f;(o'f_ and Thers re<~ove(j Flot for Froqluc:‘:‘cw\ esell test i

data a@ shown /a Figutes F~22 and F-23, respec;l.‘ve\l],

o .
Ana\l):si.s of these F(o‘#s foc +(onsmi.ssiv/4y ys rdemdical 4o 7he
._Toce.‘o ar)cl l_‘wel'.s fecoveiy meT{«oc‘s descr.‘bec_( 5@(_4‘1‘0-\ F }.
AS showna T Fr aule F‘ZZ, teno \54(c-;j|~‘} line -C‘+.5 (A aond 8)

toele consideced in 7/>€ Jocob Plo‘i'_ to  bound the 60&5{51’5.

Resulfs Qesu/fs {foc f/)c mc(/-/r’p/e borebole pre decdion coell

—t

t=1 ace scumwmneciZed in [e b’e F- 3. /ran.:m/ss,'vmly values

'((ow\ -I‘lwe VvGriowuws cna!]-h'('azl Me"'L\ods fanjc ‘ﬁow\ /. 7 4+ 3.0

x 10° ‘(‘Z/d and $+ofa-(~{vi+j fran ’lln: Thers ’!]PC'CO’\IQ methad

’

a *
s 1Best guess values qee

fGnciPS £flow~r 3.l to S§.4 viO0”
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= 2.4 xi0F £/
S = 4.3 xo”c
The above values ndicate a . hig hly Fensmissive 3(00}»;1 oaa:kx
Clocs oystem rthat /s hydeculically “s+i887. Althegsh o phreadic
suchbce exists in the hydralegic systewn , the jocs valve of
stotabiyly suggests that eihec the systew s hféhlj coanfined |
oc thal e pumping peciods wete ot of sufficiond deration do N
experiemce deloyed yield fiam the coakec table. Since oher evidonce
5«536515 a cectain dea(ee of l@czkc-je 'fn 7he ﬁyd(0103.¢ systewn -.
the latec explanation s consideted moie pleasible. B
e hile -Honsmfss:‘v.‘-bl and s+o(q+|‘v.‘47 are celated 4o
ohotoctecistics of the hotizantal flow systens , analogeus material
‘ofoee(hes are defrned Ey Fydrauh‘c ccndug;;v-'-\l/(l() and
.speci-C'c 5{~QJC3§ (S.). For a horizontal flows systews the .

(;/Iooal'nj fc(q{'«'onsi'n.PS hclcl ¢

Ko = I (s)
be.

S = S 6)

S 2> (.

abloe(e. b¢ 'S de(‘t'necl as ‘[I)e \\emc_;fve,” f[\"ckness QF‘/'LC %f&‘*ew\.
Tn the cezait Seguence at the site , horizontal jrour)d cxatec

movemw} s co_nholed Pr[mar.‘ly b)/ Flocs 7n eindec zones.

L AR T T T T T T ST =~ = T TIT T esveee
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-mus , {ov ‘C'a |cu|cx+(nj kdd_fcullb c::nduq_i: \n\-lj < c:oc‘e(hrv;c“’cr:ls’

a be value egeal 4o the camealative #ickness of cinder zones
should be whlized. For the (50 fiot satuaded seguemce of
bosalts penediated by +he ,ofoduc_Jim\ coells ) she total Hhickness
ofa"nc(er zones mishd be cxpeded to (onge lom 10 4o So feed.
Scbstitudion of these values /o eguation (5) 5ives she 4//”_»;,:7
estimated renge of bjcl(cu‘-‘c QondUQ_')f‘Vr\"‘] i~ the cinder zones :

0% 4o 2.4 x0T £ /d

Ko = 4.8 x
1.7 +o .5 cm/)s )

(

Undet corfined conditions , w_ade( sssghir s probqb!/ /e/e;secl
{tow stotcqe +LIonLoat %eeArtisa/t seguemce pemelrated by |
+he pumping well. Thus, {sr calcq(a-hnj specific stetege
a be value cgual to the Hotal sckurated thickness -Ff /5o fedd
shourid be witilized. Scubstidutow inte eguation () yields

+‘\c Ca//oa_x,‘oj estimate of o,oéoi‘(?c 5+°fcje— ;
Se = 2.9 wo'7-F-L" (9"/ Y/o‘(?cm")

Nole +hat M above velues arfe also aiven n medcie um‘-ﬁs’

since this s Cuyfomdy n maeny jecﬁeckm‘cql A:‘sc«}:/.‘nes-

w3
—

3

e e e e e ¢ g Sran et e R e o T g S S S s e - T

opumy
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IE Assumed Rrawmeters

2.4 xi0 % £2.d

~. 23 xr0~ 5

~«7T £

TNTERMATANT  FOMPING of 72¢)=2 on Te=25, 26 27

n .

lﬁ t = 6.2 min
_ A= (681 grvain®™) ( 0 D [ 3 usS N g0 W
it @I 2.4 x105 2N 7485 (X2 4 510" FPF X6 25wk A

INTERMNTART  Fompinds of [PeO0~1 _on_ Ted=-25 26 27

Cz 8ot Q - 78 oo (cstimaied)
il |
0 * SR () st e 227

Iﬂ L = 0.25 %
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Iif G?U;FC_( cond/tions Qx;&-l-;ng M " -//;e. v;‘c;r;/'-l]-/ o'(‘

\o\cn‘L p*aduc.}\'.ov\ well.s el e lcd‘c/(a”] c,oo-‘-fnuou-.s}”n;;éc.s.;;.(c-n(alc

fcsponscs s hould have pbeed obsetved ot 'r‘/)c Tew-25, 26, 27

P.'czow\c,*ex f)(&t’Cco.Sccl (9] r.")'fcfrm;#cat PUMP;V\J o‘( IDO-A—Z

@ ¢ PC&)-L

Since mecsuvable C€3p00SCS cuele not observed o3 %esc_._,.‘.

F{e',hzdme*ds , L s concluded +hat ?js‘\‘em Iog(mme‘*ofs .

— e p— p—

(i e, J(COSM{S.S:\II""Y , 54o(q+iv-"‘]z) afe not /a‘fofq//)'ao,?(;rm ané/é&[

e MU o bydiolosic boundery enists behwscon e TosZS, 26,27

C[CJ.S+CX ohJ‘fLC Plcn‘{'_ P(oduc‘w;)-/) a..»e//s.

o B .o B oo Y - T o I o B o
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FF3. Te-20 Mutiple Borehale 7ast ]

As discossed in secdion Fo I , eahile .peé%rmiaj .
dooody short-teco Siogle barehale tests | messurable coater
level (espanses wee observed /o adjocemt cuells completed
at d/fFecent degths fiom 7he pum‘oinj coells. This coes
intecpeeted ot lesst 704:/{%«(.\/'3‘(/, Yo indicate the /Ofese/nce.

a‘F a vecdical lqjclrco:(,-c fespanse +Aiouﬁk aéJ-OCEJ\d c.on-f.'n.bj,_—
wnts. in cazpoatre %.W L jme,(a.l , 7he scngle bole

-4‘6345 cxede of /.OSUCQ‘C(:QAA} du/a_“'c'ovx ‘f‘o o//oaQ -@( ana&sﬁs

o -t‘)esc responses.

At f';)c Tod—/‘?/ 20/21/3‘4 coell clustec , a /onje( ‘e nal
MUI"(-P'C bofe Holc +€5_t eDe S '-‘OnCIL/Q)CC( /N ON aﬂernpt ‘fo.
be?’fcf 7(/0/)‘/1"9 77)/, ver-‘:ba( hjdfcah&: re.sp_onsc re.Sa/%r‘nj “ﬁovv\—
Pump:bj oC a (e/c_"r.ve‘ly '/'rcn._sm/s5i~/<: c/'ncle,/ Zone. Jad— RO
«DES pumpec( {oc Z4 hours %/CO/)#,’naoas o/r/f@//nj and
cla‘"«.ﬂj bofﬁ\ Pumf)f'nj ancl f(.’.CG\/CI‘] ; u)a"‘(b( lQ\/e(S coele mon,‘-/ored
ot TA~19 and Teo>-34 asfnj Steverr 'S jecorders . F_fju(e,
F- 24 Shacas coater level hjd(ajfa"o/)s for Ted - 19 ond Tao-34
durms the test . At the end of 24 hecis offam'ofnjl both obsevadtion
%ﬁ @e((s Qx‘?:\b;‘-}ec‘ [« c((ca_sdoa_\ﬁ. o‘p O(DP(Oxfmo_"'e\'/ O*/ ‘Fe&}'

D(/;cudoa_)ﬁ D) TL\G f)um,&v-nj ag.)e(’ (TCL)"ZO\
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er MW\ W DS Pfobab!] ) —/Ae oldec o-f" ZS ';;d,
(G'Gfesodfﬁj P2 dcprk of +he aitline belocs the sdatic cuatec

level. bn Whe betls

Botehole /[ocalions ond a gemeralized geologic secdon
s Shocon n F,-;jwc F-25. The Pump.‘nj psell (7ed—20) wsas
aPPa(e/\«:'{j comple te d at +he dop of a thick crinder /ve.s:‘c“lq}
zene, pact o :
2HIIAL m\sl‘cﬁ\,.'s consideted o comprise an c?uf'f;r. Ted -3+
wos completed at the bese of the cinder [vesicalar zone "
bet since Zs hydisulic (esponse a_\oﬁ- mockl less thoa TO\)';ZC?)
it st be assumed That one o mere conr:‘nll'nj wnits of
unkoowsn 7hickness mwtt exist coithin the pocts oF
+his cwnit . 7¢3=1F cseos completed beloco the coater
dable in dewse bosart ovc(‘!)/fnj the o7u,'-fcr . T7he dewse
bosall wstk is asscumed 4o represenS a C‘on‘(-\;nfﬁj et

(a?u;“a(cl) e i +Ae /aye(‘cd 5y5+em.

RATIO /\/)c_ THOD ANALYS(S Since -hlm intemt of the test

oo to meoswie veddical bydroa(,b COOdUQJI‘VI?}/ o"? a conf;'n;'ﬁj

anmt an oﬂQ!)/.SfS PRYR pe(-fofmec! bosed on #he Iydréléjv'c

7

(rspense of Ted~19. dppebdare covspleded o e st
WM‘ s Wﬁt o %@W Unde.( OPP(OPF(Q‘{‘Q |

COnclf-l-c'on.sl TAe Nlecman <nd Cg)ff[\e(spoon (/772) ) ratio me-f-l\od.




d Subject Made by Job No.
GOI e:‘ates Checked by Date
Approved by Sheet No. 3

provides an e ficiond anolyticel mekod Ror analyzing spuiterd
(esponse. Assomptions of zhe ratio method are consistant
o>ith the oguifec Jeguidocd model depicted in Flgure Fr2s.
The method /s based on cocly 4ime piczomedtiic data

sbtained before a 5bn.fbéqt hydceelic response hes ,a/o/:cj_m‘ec(
to +he top ot #he a7a/‘1‘orcl. Theas, +he patuce of +he opper
aguitacd beundary (in +his cese | a phrcatic surfoce ) s of

no conseguevce to the solwtron. The ratio method s walid

P(ovfdeé +hat -/-;)e -C,//oa.w'nj conditons are mc‘t_ :

\/lé, Ss' < -0 Ceitecva A (7)

£ < o.1 (b')? Certecia B ¢8)
) |

cohece

KI = vecrtical hjé(ou((c: conduc.:‘"v,"l-j op 674—1(.1(0(::1'
Ss’ = ‘ spec:'—C‘c s*o(r.'je, OC G‘?u/ﬁ:(c‘ | |

T = o7u,"pa( ‘f(cnsmfssfw'"-y
S T a 7(/ el sdora +:'v,4:/
C = (adwal distence to observation cucl/ (20 Ft)

PP n"nj tmne

07(/,'1'-0 S fl\r'c kness (/6. Sft)

g o F

= ﬁ_: = ogwuiterd di s ivee
&~ 797 i
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T5f ccitecion (AY and (B) are satisfied , ff;e ra-tio opa%—.-#orjv

+to o7u((a deceodocon | at a 5Pec~;-(:'ccl radial .':l,‘s'(-amce/ ’'s jr‘vw

!

oy
S = F-["tD, ‘ﬁD’] ; dréendowsn radro (7)
)
-2
7-1:D/ = Dt ; 070;-)17(.:! dirmemsionlbss time (1)
_Z_z

S 07ur4o(c‘ Accesdoesn
S = c?u,'-[e.( d(c'a_)domf\

2 = yerticel dtI'S"‘cw\ce. of cgu terd _,DI-Cmee+C-('
albove a7ui're(‘/c~7u:'-/crd boundof/ '

" The 4onction F [fD , {:D’ ] 'S S hocin 3(cf:h/ba/9 e

F’l'ja{e F- 26 .

Resw'f's 71)6 (atio Me'fLoc‘ Se/ﬂwa..‘!)l asSsumMmes '/I')Q existemce O‘Fan Giu{.(é

pfez:,-me’rc( o #vc same . . location as the o?u[-l—ord ’oo‘QZome‘(‘ex‘.' l

Forf 7"/75 T - 20 pernp test no 5uc,e\, a?uz'{c:'( 'p:"c'_2ome1"c’,(;

coes awvailable. Nleceman and U/fﬂe(sPoon (1972) %
+1ae Pumf)Cd o?u(‘fex fesponse G‘P,pfoecAe.s f—/)C The s (¢935S) ﬁ.

Indcate that for a leakj , ma/-/[ple 070«,“(;( §]5+em)

e7uc:4.‘ov\ at small cadial distamces $Lom Hhe ,oampin7 eoell.

T%Uﬁ/ S <« C’(st ¢Pr){oyfma.":br\/ 0?0'("(;( rc'.slconse Q‘é 7‘l)c

locadion of Tecd-19 coes calecwlated asfnj +he Thers c’c/*uc::(-b-_\, :
. |
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I’? S = QA Alu) | a2y

4 T _
Iﬁ coahece _ _ L

i a = Se* €13)

~TE

coitl the fol/omfnj Poramel-c( v lues
Q= SO gpm
- = 20 §%
T = Soo ££/d
S = 3.7xi0° ¢ N
Dischorge Clows cate (@) w08 estimaied o number of times

dur-‘rj the test l_—,/ oo'{'/'nj —f/>c +rme requ(rec{ to L'l ¢ contamer

010 knoa_\r\ va/gmc . 5‘(’0(C3¢ éoe g?C'OV‘J (S) caNe S c'a/cu/c ‘/CC’

aSSUMIng . Q apecf'(:‘c 5'('0(65@, of 3.OSXIO_7-F‘0‘-—'( /ngcm-') and
an e‘("ﬁ’o‘clve :
07(41"@( -//\:'c/<ness of " 12 feet . Tr_arvsmfssiw‘-ly c7) re,of,esénfecl

a ial and ecror valuwe oshicl Pfadwed a (ecsonalle d.(cwélomn'
at l-lje Fum();‘nj coell (=1 foot) coH‘A_{n —//)e “ime frcmg ,F—I/)?
test .

75 f;e(fo(w\ -f‘)( fa-{-(‘o ‘h’s‘t ona{ys:'s’ a /oaaft'fLmr'c

l g
L
‘g
o)

d(G&)dO&)ﬁ‘ '?"I‘MQ, to‘ot e S cof)é'ffoC'fcc‘l Jbowl'nj
\o«e-ACc_Jed o?u[(‘e( respornse (= 20 feet ) ond mecsuled

a7or.{a(c‘ (csloonse o.t 7D ~-19 25 showsn in /:73(-1(6 F-27 Ea(lj

[ew B e

Mt Make Ted -19 data f:oin‘fs cpprocc[)ec/ the detechon limit

o{‘ ‘/I)E S'{eve/vlls (eCcN"c‘el (0.0l ?ee{) anc] coele no'll.'. c'or)jfc(e(cc(

T T R e B L gt a ek ar ik T Y T T T T R T T T N T T T T T T T YT AT O P acabirdbas A e
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(e((.ab\-c . 7'1)06 , -/-‘ﬁe eo (9 +ime a7w‘-‘ard reslpo-nse >/'5 : ed;cPoI:{c:_
imn Flgute F- 27 _ _
@6 a doshed line. For ¢ chosen +ime , ‘[‘)c fo l[ominj values coele

olbtained .‘(I\OM —I‘)c data 'olot :

+%* = JOO min
s’ T .08 ¢t
S = Jo.8 ¢

The dtesdocon ratio was calcwlated using eguation (),

F = &' = 74! xto™?3

Oﬁd 07(4!“‘:6( clt-mems«‘cn\ess -F('Me wwas ca/ca/a‘l'cc‘ u,s/nje7u<;‘rom Cro

M in conJ'unC‘h'on 4‘):¥L\. ‘f‘)e assamea( 0701"@( Po(@e‘fe( vc(uC’S_’

tp = I t¥ = 375 xwo7
Srz

Baseé on (ad o me‘f(\.oc; cerves S.Looof) rn FT:?U(C. F’Zé,

a wve lae o( c:?c,u"[‘ofc:( diwmevsionless Time wos c"n‘f'c.rp'olq‘{"cc’.’

‘o T 74 xio 2

SOIanj ec;uac!:b»\ (V") n tecwns f a?uc\(-arJ Q.‘(‘Fus.‘v.‘br)
D = +p 2% = 4 75 X/O—B-Fz/s
-tx

whee Z coes tokew os the Adrstavce {rfana the bese of

‘l"t\c c7uf+crc1 to -t‘lwc m:aFofn't o? -/Ae Fl'GZavne‘f'ef (12 fed)

3l

)
I
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Since diftrsivt wan wqual t e mbre CK/S5) an
Q?u(‘(‘afd vectical lnjdrcu(«'c _c:ondocs‘:’v.‘ly cocltd be determined
of spe_c-’[:'c stefcqe «>os assumed. Bosed on o specific s-k:(Ojc
value of 3. 05 xco™ " £t ( /o‘scm“), the a%//ow.‘nj conduchvib, asas
celccdated - .co 3;{‘) '

/

K™ = D S. = 5.4 xio™'°Fls (1-7 Xro’gcm/s)_

TC; VC(f@ /'Aa} ‘f(s‘L coﬂ::l.:‘-v'ons eece cPP(oPrr‘q'{‘c 'ﬁ(‘ -/‘/7('_‘ ratio
W\e‘f‘(«ocl P f67uu'(<d Po(ame{'cf vc:/ues cuede scubstrteted
into e;iua-(foms (7)) end (8) +o detecmine .'f critecion (A) and <I3>

were safisdied -

Ceritecia (A) 3.5 xwo™" ¢ .o (valid)
Cedecia (B) *  £%¥ & 250 min Cvalid)

Since -{‘)e ccrterion coece &-Aisﬂcd/ 1 cxes concleded fAc—f'
+€st COVX‘(."'I.O(’S cese(e cPP(of:(-\a"’c 'Co( a/:,o’-'c_‘a_{'lbv\ o( -f/\e ana‘f)/‘{-:'ca_‘
W\e"'L\. od.

Comments A number ol {ocdocs squgs-{_ )“[:a't #Ae calcerloted

value o‘p a7u:'{orc‘ vertical ‘w/d(aul'c'c COnC(uQJI'\l(."(/ showld be considece

[~ (c:oue.f - bcund \/alu-e . /——;( e~<a_mf>‘e, / a_\m{cx leve( //)spoﬁse N
_ (T -19) :
an open s“ondpfpc prc=z oME{'c(A Me y have beer Slowiec +haw the

aciue | aiu}‘l‘a‘(d rezponse dee to +he e P e oF coettbare s-ko(c?e,.

”

5 SLICJ;V).(‘Gcon't \\[Cj Yime occwucved ,_"/146 fatio MdAoc{ coocld deand
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4o anc‘e(es"“w\a_'('c. 07 o ‘ltc(d Lyd(cu(c'c -concladi.v(if\/~ | FJ/‘FLE{MO;:_; [
Ted=19 - was comple ted within a /OCa¢v Hronsmissive 3 ,

lqde( corbin 7‘1’;0 oiu/-r’-orc{} cobicle csoctd have had .7/"’ emd 3[

of teducing diccndocsn ol the meosure ment point ‘
ATmee S el predisied by the onplybical model e B L
lead 40 an wunderestimate mn a7u;4o(d J’)yé(oa.{"c. coocloc,l{uf-f]. I[
It should alse be pernted ot that +he catio test mevseres ![
oﬂfy o7u,‘4o(3 kjc\(cu(.‘c con dud:'wlj in M immediate _ |
viciniy of the piezometer instellation . Sipce 7his repiesends o ]|

4o -(-‘)e CQn-Gm'Ael wun't on o (°’Se(' 5c-a(e)colm‘c,a m:jU' e more apﬂopﬁh“ﬁ

small - scale Meosufemcwkj , ratio -{-(st (oselts con nol be a/op//c;-.( -

{o0 7ucn4;-C.‘c&fo~ of o site conceptual model. 71)(/5/ rhe |
Ca{(c‘{a-{ed value O'(‘ L\dd(6&("¢ COﬁC‘uCJ{.Vvly shou!ld loe cof).‘zl‘t(_o(c‘c‘ a[
a lewsec bowad vo/c(e {oc devse bcsa/t/ bect nel £or Zhe g[

Con-(u'n.‘nj unf'('_ cs e whele,
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Foc the cotio test + be applica ble , an

olbsecvation 'ol'ezome‘('e_r mest be co)hp/éf‘cd o

/’

corthin a coo-f/‘o:'ncf /fyer above or belacs #be

'Oumpe,c‘ a7u(‘)ce('. TF rock /ojaed ce © fresh
j(aj basatt” i/'s asscmed +to (‘a.p(‘e.swj cnooc;im‘ng_

Ma_{'e,(‘t'c_(é, +his cond.tion 5 satisfied by 7e«-1%,

( see F-,Bu(c, F-25). Since 7ed3- 39 i/'s completed
in teansmissive matecials that may comprise rhe
Joesec pact -f an o?u:"fef, -fée .(‘a:h‘o rmethad /s

ot considered valid foF amalysis of I)yclfc“(t'(‘;

(e.sPQOSC /D@G‘.Safcd o) ‘/A/'S PI'C{ZQMC{"QI‘.
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“nT
Whece o = Sr?
<7+
L= 0.03 ¢ = 7 (f)
Q= So e, 4+ = Z2hr
T Soo " {?/d
s - 3 7vro~¢
| a = (b-OA’mh?> EC‘J(U)J( ) ow)(Z_‘/;ér)
) Soo £2 4 7¢/<?,{ the A pd
A = 9, S75 w0~ £ LI(u) L—STOI._¢'_]
Z .
i = (3.7 xe0" ) £) (.25%")
() ( Loo £F2 ) 28hr) \ o
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C 78 AT A S S A
| (£t ) C) ¢ ) ) | P
|
i / 1 1SE v T 20.00¢ /9. 2
‘ 1O J- 156 xto 7 15 376 14.7
/o0 /156 x16° 16, T /0.3 i
20a Y625l G 4o 7.0 _
JFoo /ol xp ! &.593 8. 2
_ Soa 289 ¢! ) s572 J. 3
'_ /000 115K x0 6.8 7 5.7 -
2000 4. 625 x4 Rod 4. 6 e
| Jeso  lodlixp ?  3.999 3.8 S
; Sooo 2. 897 xeo ¢ 2.99s 2.9 '
(0000 1 1S&xeo | 1.693 7. 6

CHEek  e3i7H _JACOS  APPeaxirATion)

A= Q& Lo 228 Tt

— Sc2 -

C = J(oco4f

{
= L__g_mmi)_— Q aYe)
g “ gf)(Qoo ;’za‘/)(7'/d’4) (/‘/‘/ - (3 7)’/0 ¢ Y 1000 ;’Z;Z”‘< ]

A = 5.9 F

CoNc LOS10 ]S

l T§ c.u‘Fo( conditions at ‘f/)e Tl - 20 ‘r"(—'s't SIfc edefe
e lad'e,(ajl extemsive , & meesaula ble vesponse shocltd have beeau
I a olbserved /n neacqy. b‘)/ test cae //\5
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TABLE F- 4 Resowis of Siveite Borarore ConSTANT

DISCHARGE ~omP TESTS. | .. ... ..

e et e ati e e e s

BoReHoLE

=

N | MeTHOD
E-72) N

S 'Imx }
L)

1.730.

Tw-3 |12.¢8 — — | 2350 |T (eacly)| —
12.88 68 63 | /639 |T (ate) |. 53 (mw)

TwW-S

W /'L}:A'éff )
Jjo. 7. .| .

-0t (rea-6)

Tews -6

se70 |

.02(Tw- 5)

1.9.34 | — — .96 90 | __TR. —
Ti0-7 | 77 /.33 3 T977 T Joraus
7207 | — - 538 | IR | =
Tw-10 | iso. | /i3 | 39 | 2650 | T |-05(TWT)
1S.0. - - 2250 | TR . —

7

Q) ¢ tlater levels not mecswured ey aclJ'qc@wt .a_)e_/__/ _

J
TR

Ma ximum. dYceodacon . /n ,pump:’nj Zusell
MG xiMmeunt  pampr
calculated trens . .
Smax. T moximanm drecodecan in od J'ace_n‘t__‘l"e\s.'t.w_el_l

: ~T.0Cob sem: la

N

analysis

ers r_ec‘c:yefy anadsis

B L L U VR

- averoge Flows cate during pumping peris

tN)G-x =

+ime
IS8 v +

d

(G:opef.;:ncl,:/;coer /9"/6) a
{ Theis, 1935)

o
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TABLE F-2 Resuirs of Speie Borenacs. Gioe 7EsTs |

BoRerote | Smax | T-. . |MemHoD | s Tar | '_
CF£) | (/) f | )

Tw-4 | o8 | a1 | ms | o83

s | 75 | sz ma | Ty |TTITOT
w7 | 37 6.9 | mu | ()Y | )

NoTES

+—
Srvvx

= calculated Aanseissivet
= mwaximan desedxdocan _in acldocc'/nt ‘f‘cst coe//

Smax. T meaimuna clrecodocom (.. Pamp 07 a.JC“ _______ I

() - tlatec .levefs_ _no'ﬁ meosu(ed N adJoCmt _a.\ell____,- A

MH - odified Huorslov anclysis CHverslew, 1751)
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Wewe TesT

CAILCULATE D CALCOLATED METHOD
TRANSMISSI VITY | SToRATIVITY
(£2/4) C )
2.3x10°% 3.1 xwo~ % TC (A
(.7 xto= 5.4 xw0~ O TC®)
2.1 xo® — T (A)
2.7 X0 e J (8) | g[
30 xS — 1 T . '
e
Nores ;
TC ¢ Thers pe ceaive method ( Thers, 1953s)
J : JGC‘ob .se.mo’oej me’fL\OA (Cooper and jacob/ 19‘-/-6)

TR Thers rccovaj method  (Thers , I?S-S)
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ANALYSIS OF WATER LEVEL OSCILLATIONS
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Calewlation of Neckical /—(ydrcuh‘c C’ondud"v.‘-l-j_ Zn a
.Pe(-redlj con{ined system | water level oscillations cesulting frow
cocth ides woill be voughly simseidal, wifh amplitudes +hal ace
diteddly propertional 4o the amplitude oF didat diladion.. T the
‘rjdro\os\"c \E)/-s'\‘c-u\ hos s 'n'.“C.'co_nt:va-l-fccl lecz.k;snje_ , _-u}oo\)a(d £loes
Go the csafer dable end swbsegucnt depressarizebion al depth
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[l
1

VQ‘MQ— 74)c amp[i-(-c‘c{e, o( ‘I‘J\C oscf((cw(('ons a.)f// bC, -ngj/:ba.bl@:’ n a.)l'n'c,[

’
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The Ffobab;ie _exp lanation for these ab:s-_c;VQ.{Lc'\S is2hat ,__i
ver-hcql bd(ca((c aoncloc_;nu{?) clccfecscs aith :{qafl\. F?e;amaéfy
‘neceosed. ver«{—wca(_Lec;kcje___a‘t ehallocs. c{cpThs_,coc(.SC&._aﬁ(eOUa‘h°'\
of the didal cespanse , wbile at greater depths | vectical. leak;je.
is inscflicient 4o cacse a,ffenaa4ram-._6eolea_l.c ,,.5_+udi?cs _oj
the site ndicafe a laje(ccl besalt se7qwce. i cnbich demse.
besart /s fnfcrl:yefcd coith. vesicedor bosait and cinder /ra__&..‘:_(e
2anes. Vectical leakeqe is contraled primerily by he loas _._
permeabilily devse besart wn'ts . Since floos in devsc besert
is celated 4o.4oc+a(.~nj , the vectical b ,afc_c;((:c[e_a_n;t.ud,fwyf,.-
o this patecial coacld be erpedccl to decceese. ik de.{a'r‘ﬁ.
25 {locteie apcr+u(es became smallec duc, -lo increcsed overburden
stcess and pessible minecal crysfqhiamt.-o_.\.m. P ftédbececs ..
itk (eja(a to. vectical leckege ,the physical grewnd coater
{locy = Ja"'em (5 shocan dcchQMq4.calj (" ch((c G -5a.. The .
systewn s @ssumed 4o be wunconfined , bect cortha decreosinj
vertical hydrealic conducdividy wil depth . Tn order to evalwate
e gystem analytically | a tuwse layer canceptoal meudel vs
osswmed, @5 shown in Figute G-Sb. The boundory befuscen the
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